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Carolina Perez-Corraliza, Juan Manuel Franco-Garcı́a, Jorge Carlos-Vivas, et al.

Physical Activity Reduces the Risk of Developing Diabetes and Diabetes Medication Use
Reprinted from: Healthcare 2022, 10, 2479, doi:10.3390/healthcare10122479 . . . . . . . . . . . . . 210

vi



Irene Ferrando-Terradez, Lirios Dueñas, Ivana Parčina, Nemanja Ćopić,
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Preface

The connections between exercise and improved physical and psychological health are well

established. The benefits apply to both healthy individuals and those with chronic illnesses. The

purpose of this reprint is to explore in greater detail the links between exercise and quality of life

(QOL) in both healthy individuals and those with chronic diseases, as well as to examine issues that

impact the development, implementation, and evaluation of exercise programs and exercise testing.

Topics to be addressed include the following: characterization of QOL outcomes in exercise studies,

development of exercise goals, exercise prescriptions, exercise testing, exercise adherence, methods

to evaluate the efficacy of exercise in relation to QOL, and the translation of research into practice.

This reprint contributes to the field with 19 articles and 1 editorial, and it was derived from a

Special Issue of Healthcare with the focus on lifestyle and physical activity as a reference for improving

quality of life and increasing life expectancy. Despite updated information, such as the book from the

American College of Sports Medicine about exercise testing and prescriptions for general populations

in different stages of life (e.g., children, pregnancy, and older) or with some diseases (e.g., type 2

diabetes, hypertension, obesity, dyslipidemia, or chronic pulmonary obstructive diseases), research

still focuses on different types of testing and exercise prescriptions that can be described in details

in this type of book. Furthermore, not all strength and conditioning programs can explore all fitness

components, as well as not all studies can apply all types of testing. In this sense, the knowledge

about more training programs for a specific target population and how to manage them are still

relevant and needed. In the same way, different testing and monitoring tools can provide different

information and interpretations.

Therefore, the aim of this Special Issue, which now constitutes a reprint, was to compile and

provide updated information on exercise testing and prescription to provide new and effective

strategies to improve quality of life. Several authors, each notable in their respective fields, have

contributed to this reprint through their studies. We are grateful for their collaboration and the

confidence they placed in this Special Issue of the Healthcare journal.

Any fitness professional, physiologist, or practitioner who is interested in the topics of

fibromyalgia, multiple sclerosis, knee arthroplasty, obesity with metabolic syndrome, low back pain,

postpartum women, and people with premature ventricular beats are welcome to read the present

document.

Rafael Oliveira and João Brito

Editors

xi
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Editorial

Updating Exercise Testing Strategies and Exercise
Prescription Protocols

Rafael Oliveira 1,2,* and João Paulo Brito 1,2

1 Sports Science School of Rio Maior, Polytechnic Institute of Santarém, 2040-413 Rio Maior, Portugal;
jbrito@esdrm.ipsantarem.pt

2 Research Centre in Sport Sciences, Health Sciences and Human Development, 5001-801 Vila Real, Portugal
* Correspondence: rafaeloliveira@esdrm.ipsantarem.pt

Exercise testing and prescription is still a hot topic. It is evidenced by the constant
updating of the guidelines for exercise testing and prescription provided by the American
College of Sports Medicine (ACSM). While the guidelines describe the most relevant test
for general population with or without specific conditions, it also describes Frequency,
Intensity, Time, and Type (FITT) of exercise prescription [1,2].

Another example of this hot topic is the “physical activity on prescription” model
adopted by Sweden in which all licensed healthcare professionals may prescribe it. In 2019,
a systematic review about the main elements of this model was published. Specifically,
the study included studies that compared adults who received this models versus those
who did not and the main findings showed that there was a tendency for higher levels of
physical activity in those who followed the Swedish model [3]. Additionally, this model
was considered the best by the European Commission and it was then used by 10 European
countries in a project to implement this approach [4].

Even so, there are several questions that are still not well addressed such as other
specific tests in the different contexts, the specific exercises or even questions about train-
ing periodization.

Therefore, this Special Issue updated information on exercise testing and prescription
strategies to improve quality of life. The present Special Issue contributed to the field with
19 articles:

1. Cabo, C.A.; Fernandes, O.; Mendoza-Muñoz, M.; Barrios-Fernandez, S.; Muñoz-
Bermejo, L.; Gómez-Galán, R.; Parraca, J.A. An Active Retirement Programme, a
Randomized Controlled Trial of a Sensorimotor Training Programme for Older Adults:
A Study Protocol. Healthcare 2023, 11, 86. https://doi.org/10.3390/healthcare1101008
6

2. Ferrando-Terradez, I.; Dueñas, L.; Parčina, I.; Ćopić, N.; Petronijević, S.; Beltrami, G.;
Pezzoni, F.; San Martín-Valenzuela, C.; Gijssel, M.; Moliterni, S.; et al. Women’s
Involvement in Steady Exercise (WISE): Study Protocol for a Randomized Controlled
Trial. Healthcare 2023, 11, 1279. https://doi.org/10.3390/healthcare11091279

3. Sousa, M.; Oliveira, R.; Brito, J.P.; Martins, A.D.; Moutão, J.; Alves, S. Effects of
Combined Training Programs in Individuals with Fibromyalgia: A Systematic Review.
Healthcare 2023, 11, 1708. https://doi.org/10.3390/healthcare11121708

4. Denche-Zamorano, Á.; Mendoza-Muñoz, D.M.; Barrios-Fernandez, S.; Perez-Corraliza, C.;
Franco-García, J.M.; Carlos-Vivas, J.; Pastor-Cisneros, R.; Mendoza-Muñoz, M. Physi-
cal Activity Reduces the Risk of Developing Diabetes and Diabetes Medication Use.
Healthcare 2022, 10, 2479. https://doi.org/10.3390/healthcare10122479

5. Muñoz-Paredes, I.; Herrero, A.J.; Román-Nieto, N.; Peña-Gomez, A.M.; Seco-Calvo, J.
Influence of Transcranial Direct Current Stimulation and Exercise on Fatigue and
Quality of Life in Multiple Sclerosis. Healthcare 2023, 11, 84. https://doi.org/10.3390/
healthcare11010084
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6. Hsu, W.-H.; Hsu, W.-B.; Lin, Z.-R.; Chang, S.-H.; Fan, C.-H.; Kuo, L.-T.; Hsu, W.-W.R.
Effects of 24 Weeks of a Supervised Walk Training on Knee Muscle Strength and
Quality of Life in Older Female Total Knee Arthroplasty: A Retrospective Cohort
Study. Healthcare 2023, 11, 356. https://doi.org/10.3390/healthcare11030356

7. De Araújo Moury Fernandes, G.C.; Barbosa Junior, J.G.G.; Seffrin, A.; Vivan, L.;
de Lira, C.A.B.; Vancini, R.L.; Weiss, K.; Knechtle, B.; Andrade, M.S. Amateur Female
Athletes Perform the Running Split of a Triathlon Race at Higher Relative Intensity
than the Male Athletes: A Cross-Sectional Study. Healthcare 2023, 11, 418. https:
//doi.org/10.3390/healthcare11030418

8. So, B.C.L.; Kwok, M.M.Y.; Lee, N.W.L.; Lam, A.W.C.; Lau, A.L.M.; Lam, A.S.L.;
Chan, P.W.Y.; Ng, S.S.M. Lower Limb Muscles’ Activation during Ascending and
Descending a Single Step-Up Movement: Comparison between In water and On land
Exercise at Different Step Cadences in Young Injury-Free Adults. Healthcare 2023,
11, 441. https://doi.org/10.3390/healthcare11030441

9. Ma, P.-S.; So, W.-Y.; Choi, H. Using the Health Belief Model to Assess the Physical
Exercise Behaviors of International Students in South Korea during the Pandemic.
Healthcare 2023, 11, 469. https://doi.org/10.3390/healthcare11040469

10. Pérez-Quero, F.J.; Granero-Gallegos, A.; Baena-Extremera, A.; Baños, R. Goal Orienta-
tions of Secondary School Students and Their Intention to Practise Physical Activity
in Their Leisure Time: Mediation of Physical Education Importance and Satisfaction.
Healthcare 2023, 11, 568. https://doi.org/10.3390/healthcare11040568

11. Reljic, D.; Frenk, F.; Herrmann, H.J.; Neurath, M.F.; Zopf, Y. Maximum Heart Rate- and
Lactate Threshold-Based Low-Volume High-Intensity Interval Training Prescriptions
Provide Similar Health Benefits in Metabolic Syndrome Patients. Healthcare 2023,
11, 711. https://doi.org/10.3390/healthcare11050711

12. Stephan, H.; Wehmeier, U.F.; Förster, T.; Tomschi, F.; Hilberg, T. Additional Active
Movements Are Not Required for Strength Gains in the Untrained during Short-
Term Whole-Body Electromyostimulation Training. Healthcare 2023, 11, 741. https:
//doi.org/10.3390/healthcare11050741

13. Amado, B.L.; De Lira, C.A.B.; Vancini, R.L.; Forte, P.; Costa, T.; Weiss, K.; Knechtle, B.;
Andrade, M.S. Comparison of Knee Muscular Strength Balance among Pre- and Post-
Puberty Adolescent Swimmers: A Cross-Sectional Pilot Study. Healthcare 2023, 11, 744.
https://doi.org/10.3390/healthcare11050744

14. Mahfouz, M.S.; Alqassim, A.Y.; Sobaikhi, N.H.; Jathmi, A.S.; Alsadi, F.O.; Alqahtani, A.M.;
Shajri, M.M.; Sabi, I.D.; Wafi, A.M.; Sinclair, J. Physical Activity, Mental Health, and
Quality of Life among School Students in the Jazan Region of Saudi Arabia: A Cross-
Sectional Survey When Returning to School after the COVID-19 Pandemic. Healthcare
2023, 11, 974. https://doi.org/10.3390/healthcare11070974

15. Lavín-Pérez, A.M.; León-Llamas, J.L.; Salas Costilla, F.J.; Collado-Mateo, D.; López de
las Heras, R.; Gasque Celma, P.; Villafaina, S. Validity of On-Line Supervised Fitness
Tests in People with Low Back Pain. Healthcare 2023, 11, 1019. https://doi.org/10.339
0/healthcare11071019

16. Tan, J.; Krasilshchikov, O.; Kuan, G.; Hashim, H.A.; Aldhahi, M.I.; Al-Mhanna, S.B.;
Badicu, G. The Effects of Combining Aerobic and Heavy Resistance Training on Body
Composition, Muscle Hypertrophy, and Exercise Satisfaction in Physically Active
Adults. Healthcare 2023, 11, 2443. https://doi.org/10.3390/healthcare11172443

17. Brites-Lagos, C.; Ramos, L.; Szumilewicz, A.; Santos-Rocha, R. Feasibility of a Su-
pervised Postpartum Exercise Program and Effects on Maternal Health and Fit-
ness Parameters—Pilot Study. Healthcare 2023, 11, 2801. https://doi.org/10.339
0/healthcare11202801

18. Ma, X.; Yan, J.; Liu, W. An Early Indicator in Evaluating Cardiac Dysfunction Related
to Premature Ventricular Complexes: Cardiorespiratory Capacity. Healthcare 2023,
11, 2940. https://doi.org/10.3390/healthcare11222940
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19. Rodríguez-García, L.; Ceylan, H.I.; Silva, R.M.; Silva, A.F.; Guadalupe-Grau, A.; Liñán-
González, A. Effects of 10-Week Online Moderate- to High-Intensity Interval Training
on Body Composition, and Aerobic and Anaerobic Performance during the COVID-19
Lockdown. Healthcare 2024, 12, 37. https://doi.org/10.3390/healthcare12010037

In resume, the articles addressed at least one dimension of physical fitness (car-
diorespiratory endurance, body composition, muscular strength, muscular endurance, and
flexibility) as well as quality of life, mainly measured by questionnaires (see Table 1). More-
over, it is relevant to highlight that this special issue also included studies that addressed
specific conditions such as fibromyalgia, multiple sclerosis, knee arthroplasty, obesity with
metabolic syndrome, low back pain, postpartum women, and people with premature
ventricular beats.

Table 1. Analysis of the published contributions in the Special Issue.

Contributor
Number

Target Population Study Type Exercise Testing Exercise Type

1 Older adults Protocol Body composition, physical fitness, and questionnaires:
health related quality of life; physical activity level

Cardiorespiratory
and strength

2 Women adults Protocol

Daily steps, program adherence, anthropometry, body
composition, plank test, 6-min walking test; questionnaires:
International Physical Activity; healthy lifestyle and
personal control; Pittsburgh Sleep Quality Index; visual
analogue scale; physical activity enjoyment scale

Cardiorespiratory (HIIT)
training and behavior
change theories and
techniques.

3 People with fibromyalgia Systematic
Review

Several instruments/tests were used to assess pain, sleep
quality, health status and strength gains in the upper and
lower limbs

Combined training, HIIT, Tai
Chi, aerobic exercise, body
balance and strength

4 Participants from 15 to
69 years Cross-sectional

Diabetes prevalence and Diabetes medication use in
diabetics, Physical Activity Level, Body Mass Index, Spanish
National Health Survey

NA

5 People with
multiple sclerosis Cross-over

Questionnaires: Multiple Sclerosis International Quality of
Life; International Physical Activity; Kurtzke Expanded
Disability Status Scale; Spanish version of the Modified
Fatigue Impact Scale

Strength and aerobic

6 Older women with knee
arthroplasty Cohort

Isokinetic strength, 6-min walk test, the 8-foot up-and-go
test, and the 30-s chair stand test, Knee Injury and
Osteoarthritis Outcome Score (KOOS) Questionnaire

Cardiorespiratory exercise

7 Amateur male and female
adult athletes Cross-sectional Cardiopulmonary exercise test NA

8 Young adults Cross-sectional Muscle activation in water and land step exercise NA

9 Adults Cross-sectional Health belief model (questionnaire) NA

10 Young (from 12 to 19 years) Cross-sectional
Questionnaires: Perception of Success; Importance of
Physical Education; Satisfaction with Physical Education
Intention to partake in leisure time physical activity.

NA

11 Obese people with
metabolic syndrome Cohort Hydration, blood, anthropometric, cardiopulmonary

exercise test, quality of life (questionnaire), daily nutrition. Cardiorespiratory (HIIT)

12 Adults Cohort Strength with
electromyostimulation

13 Adolescent swimmers Cross-sectional Sexual maturity, body composition, isokinetic strength test NA

14 Young (from 12 to 18 years) Cross-sectional Questionnaires: Fels PAQ; Depression Anxiety Stress Scales;
Pediatric Quality of Life Inventory NA

15
Adult and older
(45–72 years) with low
back pain

Cross-sectional

Online evaluations: 30-s chair stand-up test; arm curl test;
2-min step test in place; chair-stand and reach test; back
scratch; 8-foot up-and-go test; Sharpened Romberg;
one-legged stance test

NA

16 Adults Cohort body composition, muscle hypertrophy, and
exercise satisfaction

Combined aerobic
and strength

17 Postpartum women Cohort pilot
study

Blood pressure; anthropometry, body composition; chair
stand test; cardiopulmonary exercise test, push-up test; V-sit
and reach. Questionnaires: Physical Activity Readiness
Questionnaire for Everyone; International Physical Activity;
World Health Organization Quality of Life Questionnaire;
Pelvic Girdle; Roland-Morris Disability; Fatigue Assessment
Scale; Edinburgh Postpartum Depression Scale

Combined training:
cardiorespiratory, postural,
functional/resistance
training, neuromotor
training, stretching,
breathing, and relaxation
exercises

18 People with premature
ventricular beats Cross-sectional Cardiopulmonary exercise test NA

19 Women adults Cohort Cardiopulmonary exercise test Cardiorespiratory (HIIT)

HIIT, high-intensity interval training; NA, non-applicable.

3
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The current special issue provided and constitutes relevant information for fitness
professional and exercise physiologists. At the same time, it showed meaningful findings
about the online exercise testing procedures (see contributors 15 and 17). In addition, it
was observed that there are still several research that uses only one type of exercise, despite
the general guidelines of the ACSM recommend more that one type [1]. Furthermore,
there is a recommendation for future research include behavior change theories in exercise
intervention as suggested by the protocol of the contributor 2. Finally, the present special
issue also reinforces more research on specific populations, with different ways to control
intensity, more specialized tests, while including training periodization practices as well as
behavior changes.

Author Contributions: Conceptualization: R.O. and J.P.B.; Writing—Original Draft: R.O.; Writing—Review
and Editing: R.O. and J.P.B.; Project administration: R.O. and J.P.B. All authors have read and agreed
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Lower Limb Muscles’ Activation during Ascending
and Descending a Single Step-Up Movement: Comparison
between In water and On land Exercise at Different Step
Cadences in Young Injury-Free Adults
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* Correspondence: billy.so@polyu.edu.hk; Tel.: +852-27664377

Abstract: (1) Background: Forward step-up (FSU) simulates the stance phase in stair ascension. With
the benefits of physical properties of water, aquatic FSU exercise may be more suitable for patients
with lower limb weakness or pain. The purpose of this study is to investigate the effect of progressive
steps per min on the surface electromyography (sEMG) of gluteus maximus (GM), biceps femoris (BF),
rectus femoris (RF), and gastrocnemius (GA), when performing FSU exercise with different steps per
min in water and on land. (2) Methods: Participants (N = 20) were instructed to perform FSU exercises
at different steps per min (35, 60, and 95 bpm) in water and on land. The sEMG of the tested muscles
were collected. The percentage maximum voluntary isometric contraction (%MVIC) of GM, RF, GA
and BF at different environments and steps per min was compared. (3) Result: There was a statistically
significant difference of %MVIC of RF at all steps per min comparisons regardless of the movement
phases and environments (p < 0.01, except for descending phases of 35 bpm vs. 60 bpm). All tested
muscles showed a statistically significant lower muscle activation in water (p < 0.05) (4) Conclusion:
This study found that the %MVIC of the tested muscle in both investigated environments increase as
steps per minute increases. It is also found that the movement pattern of FSU exercise activates RF
the most among all the tested muscles. Muscle activation of all tested muscles is also found to be
smaller in water due to buoyancy property of water. Aquatic FSU exercise might be applicable to
patients with lower limb weakness or knee osteoarthritis to improve their lower limb strength.

Keywords: muscles activation; stepping exercises; water immersion

1. Introduction

Aquatic exercises are gaining popularity in musculoskeletal rehabilitation, such as knee
osteoarthritis, and are recommended to patients who are unable to exercise on land due to
physical limitations, such as pain and swelling [1]. The physical properties of water, such
as buoyancy, hydrostatic pressure, and drag force, may account for the recommendations
made by clinicians [2]. Buoyancy is proposed to be able to reduce compressive force on joint
since it can reduce body weight with different immersion depth, for example, immersed to
xiphisternum can offload 50–76% of body weight [3,4]. Therefore, buoyancy may reduce
joint pain when exercising in water. Hydrostatic pressure, which is directly proportional to
immersion depth, could act as a force that aids the resolution of swelling in body parts [5].
Drag force, which is affected by the viscosity and the speed of movement, can be utilized
as resistance when a body segment moves relative to water [2]. Drag force is commonly
progressed by altering the speed or surface area of limbs [6].

During aquatic exercise, higher speed of moving body parts significantly increases
the training load, such that doubling the speed will increase drag force by four times [7].

Healthcare 2023, 11, 441. https://doi.org/10.3390/healthcare11030441 https://www.mdpi.com/journal/healthcare5
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Therefore, clinicians usually manipulate the parameter of speed, or steps per min to
alter the resistance exerted on the body parts to optimize rehabilitation outcomes [1].
Compared to land-based exercise, speed and drag force are unique factors in precise
aquatic exercise prescription since they both change the load and movement tasks. The
velocity of particular muscle contractions is a crucial factor in specific muscle trainings
and performance adaptations which warrant greater attention in aquatic rehabilitation.
Previous studies] have investigated the effect of speed on different muscle groups in water
and land [8–11]. Speed can be viewed as one of the progression components in aquatic
resistance exercise. However, relatively limited studies have investigated the effect of speed
on lower limb strengthening exercise, especially unilateral weight-bearing exercise.

Unilateral weight-bearing exercise is commonly prescribed by clinicians in order to
stimulate functional muscle recruitment patterns required for daily living and sports, with
forward step-up (FSU) exercise being the most common form [12,13]. FSU exercise can be a
progression of bilateral weight-bearing exercise as it requires higher muscle activation to
achieve [14]. Moreover, FSU exercise is an functional exercise mimicking stair-climbing,
which requires simultaneous coordination of hip, knee, and ankle musculature [15]. Aquatic
FSU exercise may aid individuals with lower limbs pain or weakness to perform more
challenging functional activities with less difficulty.

The potential benefits of FSU exercise are not yet been confirmed and the associated
perceptive responses (i.e., the influences of speed and environment) are yet to be known.
Therefore, the aim of this study was to investigate the effect of progressive steps per min
on the muscle activation of gluteus maximus (GM), rectus femoris (RF), biceps femoris
(BF), and gastrocnemius (GA) performed in water and on land. According to Zimmermann
et al. [16], three steps per min were selected: 35, 60, and 95 beats per minute (bpm). We
hypothesized that muscle activation of the target muscles was lower in water than on
land, and they increased as the steps per min increased. The result of this study will aid
physiotherapists to customize parameters of FSU exercise to patients in musculoskeletal
rehabilitation.

2. Materials and Methods

2.1. Study Design

This study was a cross-sectional study to compare surface electromyography (sEMG)
activity of performing FSU exercise in water or on land at three different steps per min. As
shown in Figure 1, 26 participants were assessed for eligibility. The included participants
(n = 20) were randomly allocated to Group A and Group B in which each group consisted
of five males and five females. To eliminate directionality problem, group A participants
were asked to perform land trial followed by water trial while Group B participants were
asked to perform water trial followed by land trial. The two trials were completed on
separate days with sufficient rest in between.

2.2. Sample Size Planning

The sample size was calculated based on the primary outcome of a previous study [17]
comparing sEMG of lower extremities between land and water step-up exercise. Using
the G* Power software version 3.0.10 and based on the effect size of f = 0.79 between the
exercise groups obtained, the primary outcome sEMG of lower extremities assumed a
5% type I error and 80% power. The sample size computed was 15 or more participants.
Considering an estimated 30% attrition rate, the total enrolled sample size required to
ensure adequate statistical power was 20.
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Figure 1. Study flow chart.

2.3. Participants

Participants were recruited by convenient sampling in Hong Kong Polytechnic Univer-
sity. Twenty healthy young adults (10 females and 10 males) aged 18 to 30 participated in
this study. Individuals were excluded from this study if they had (1) any musculoskeletal,
bone, joint, cardiac, and pulmonary diseases, any infectious diseases, skin conditions, and
any known hip or knee injuries (included previous hip or knee surgeries) in recent two
years, and (2) any contraindications to aquatic exercises, or prior exposure to aquatic-based
exercises. Prior to participation, participants’ demographic information including resting
heart rate, blood pressure, age, height, weight, BMI, and leg dominance (i.e., the foot used
to kick a ball) were obtained. Participants were informed of the nature of the study and
signed a consent form prior to voluntary participation. This study was approved by the
Departmental Research Committee of the Hong Kong Polytechnic University’s Department
of Rehabilitation Sciences (Reference Number: HSEARS 20220204005).

2.4. Experimental Set-Up

The trials were videotaped using waterproof camera GoProHERO3 at 90 frames/s.
The camera was placed 1.5 m away from the participants and positioned at patellofemoral
joint level to prevent any angulation of the video. sEMG activities were recorded using
a 16-channel sEMG system (Infinity Mini Wave waterproof, Cometa, Milan, Italy), and a
customized data logger at 1000 Hz sampling rate. The sEMG signals were then exported
using EMGandMotionTools version 8.3.4.0 (Cometa, Milan, Italy).

2.5. Procedures

The standardized procedures of the study were explained to the participants, and they
were as follows:

2.5.1. Skin Preparation, Electrode Placement and Joint Markers

The muscle activation of our target muscles was evaluated by sEMG. To minimize the
impedance, the required skin areas for electrode placement were shaved, handled with
abrasive material (3M Red Dot Trace Prep), and cleaned with alcohol swab (70% isopropyl).

7
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According to previous studies [16,18], the electrodes were applied to the skin of the domi-
nant leg of participants as follows: GM’s electrode: at a point half of the distance between
the greater trochanter of the femur and the superior end of the gluteal cleft (Figure 2a);
RF’s electrode: midway between the anterior superior iliac spine and the superior edge of
patella (Figure 2b); BF’s electrode: midway between ischial tuberosity and medial joint line
of the knee (Figure 2c); GA’s electrode: at a point one-fourth of the distance from the medial
knee joint line to the base of the calcaneus (Figure 2d). In order to record sEMG signals
under water, waterproof technique was adopted by using tegaderm (3M™ Tegaderm™
Transparent Film Roll 16002). Three bony landmarks with markers of 3 cm in diameter
were attached over greater trochanter of femur, lateral epicondyle of femur, and lateral
malleolus for kinematic tracking (Figure 2e).

     
(a) (b) (c) (d) (e) 

Figure 2. Location of the (a) gluteus maximus (GM) electrode placement, (b) rectus femoris (RF)
electrode placement, (c) biceps femoris (BF) electrode placement, (d) gastrocnemius (GA) electrode
placement, (e) three bony landmarks with markers attached.

2.5.2. Pre-Trial: MVIC Tests

Participants performed MVIC tests for each muscle group on land to normalize sEMG
data recorded during FSU exercise on land and in water. A 2 min rest was given between
each MVIC. Three 5-s MVICs were recorded for each muscle group tested. The order of
MVIC tests was GM, RF, BF, and, finally, GA. According to Zimmermann et al. [16] and
Yuen et al. [18], MVIC tests were performed as follows: GM MVIC was obtained when the
participants extended their hips maximally and maintained 90◦ of knee flexion in prone;
RF MVIC was obtained with the participants seated on a plinth and extending the knee at
a secured angle of 45–50◦ of knee flexion; BF MVIC was obtained when the participants
stood on the non-dominant leg and performed isometric knee flexion with the dominant
knee flexed at 90◦. Participants were allowed to support themselves against the wall using
their arms for balance. GA MVIC was obtained with the participants seated with their
hips flexed and feet in front of them, then plantar flexed maximally with their knees flexed
20◦ and feet resting on a stable stool. Consistent verbal encouragement was provided
during all MVIC.

2.5.3. FSU Exercise Standard Protocol

Standardized instructions of performing the required movement were given to partic-
ipants. The participants were instructed to perform FSU exercise with a plyometric box
of 21 cm high without using their hands for balance. Each participant performed a 5 min
warm-up stepping exercise. After warm-up, 1 min familiarization session was conducted
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to ensure that the participants accommodated to the test conditions. Participants received
researchers’ guidance throughout the familiarization session. In the test session, the order
of test steps per min (35, 60, and 95 bpm) was randomly assigned to each participant.
Three sets of eight repetitions for each step per min (35, 60, and 95 bpm) were performed
according to the assigned order. Two min rest was given between each set and 5 min rest
was given between each steps per min. Additional verbal cues were given to participants
in order to maintain synchronization with steps per min and accuracy of the standard
movement. The instructions of the FSU exercise are as follows: The participants started
with the foot of the dominant leg placed entirely on the plyometric box with their weight
shifted to dominant leg only (Figure 3a). For the ascending phase, they extended the
dominant hip and knee to move the body to a standing position (Figure 3b). They were
instructed not to use the non-dominant leg to push off. For the descending phase, they
descended with the dominant leg and returned to starting position (Figure 3c). They were
asked to watch a video clip combining visual and auditory cues while performing FSU
exercise.

  
(a) (b) 

  
(c) (d) 

Figure 3. Cont.
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(e) (f) 

Figure 3. FSU exercise: starting position: (a) in water and (b) on land; ascending phase: (c) in water
and (d) on land; descending phase: (e) in water and (f) on land.

Regarding the temperature, land trial was maintained at room temperature (25 ◦C)
while water trial was maintained at the indoor swimming pool temperature (28 ◦C). The
water level was set at chest level in starting position. Participants were required to stand
on either a 15 cm or a 25 cm tall platform if the water level was above the chest level.

2.6. Outcome Measurements

Normalized muscle activation (%MVIC) was obtained through dividing the recorded
muscle activation of the tested muscles individually by the maximum muscle activation
values estimated from MVIC tests.

2.7. Data Processing

Raw sEMG signals were processed by bandpass filter (at 20 Hz to 300 Hz) and root-
mean-square sliding window (50 ms time constant) (MatLab R2020a; Mathematical com-
puting software, Natick, MA, USA). With reference to Mercer et al. [19], 6 to 12 steps
from the 24 steps from each steps per min were selected for analysis. The middle four of
the eight steps in each set were selected. For the kinematic data, a customized program
was used to determine the period of the middle four FSU movements. Knee angles at
the corresponding time were analyzed from markers on participants in the videos taken
using motion-tracking software Kinovea (v.0.9.5) (Kinovea, Bordeaux, Nouvelle Aquitaine,
France). The initial time for the third step and final time for sixth step will be marked
to synchronized with sEMG data for statistical analysis. Amplitudes of EMG signal for
the four targeted muscles were calculated and averaged. Raw MVIC data were filtered
and smoothed in the same way as raw sEMG signals. MVIC values of the three bursts
of contractions were first calculated into three separate means. The greatest mean MVIC
value among the three bursts was selected as the MVIC value of the tested muscles. Mean
sEMG amplitudes for the ascending and descending phases of the four FSU movements
were normalized to these MVIC values and expressed as %MVIC.

10



Healthcare 2023, 11, 441

2.8. Statistical Analysis

To examine the difference in sEMG activity between aquatic and land environments,
cadences and between ascending and descending phases of FSU exercise. The ANOVA
three-way was performed for each muscle, using the three main factors (environment,
cadence, and phase) and their interactions. The statistical assumptions of normality and
sphericity for using the repeated measures ANOVA were tested. In the first place, a descrip-
tive analysis of the main anthropometric variables of the participants and of the maximum
activation registered in each of the muscles analyzed in the present study (mean, standard
deviation and difference) was conducted. Additionally, each variable was compared (mus-
cle activity of GM, RF, BF, and GA (% MVIC)) between the two environments, at different
cadences and various phases and their interactions. For all statistical comparisons, p level
was set to ≤0.05. Subsequently, an analysis was made regarding the degree of contribution
of each of the muscles observed during various cadences and phases. The Bonferroni test
was used when there was a statistically significant difference. The effect size was calculated
via the partial eta squared with 0.01 indicated a small effect, 0.06 indicated a medium effect,
and 0.14 a large effect [20]. All statistical analyses were performed using IBM SPSS Statistics
for Windows, Version 26.0 (IBM Corp., Armonk, NY, USA).

3. Results

All participants completed the sessions. There were no adverse effects or safety con-
cerns raised in interventions. Table 1 shows the descriptive characteristics of participants.

Table 1. Descriptive characteristics of the 20 participants.

n = 20

Gender (Male: Female) 10:10
Age (y) 21.1 ± 1.9

Weight (kg) 61.0 ± 7.7
Height (cm) 169.2 ± 6.0

BMI (kg/m2) 21.3 ± 1.8
Leg dominance (Left: Right) 0:20

3.1. Comparison of Steps per min during FSU Exercise

Figure 4 shows the change of mean % MVIC of all target muscles. The result indicated
a significant difference between the mean %MVIC of all muscles, except for GA, at 35 bpm,
60 bpm, and 95 bpm in both phases on land and in water, respectively.

 
(a) 

Figure 4. Cont.
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(b) 

 
(c) 

 
(d) 

Figure 4. Means of percentage of maximum voluntary isometric contraction (%MVIC) for gluteus
maximus (GM), rectus femoris (RF), biceps femoris (BF), and gastrocnemius (GA) performed during
(a) ascending phase on land, (b) ascending phase in water, (c) descending phase on land, and
(d) descending phase in water.

For the comparison between 35 and 60 steps per minute on land, the mean %MVIC of
RF at 35 steps per minute was significantly lower than that of 60 steps per minute(p < 0.01).
Regardless of movement phases on land, the mean %MVIC of GM and RF shows no
statistically significant difference, except for the descending phase of GM.

For the comparison between 35 and 95 steps per minute on land, the mean %MVIC
of GM, RF and BF at 35 steps per minute was significantly lower than that of 95 steps per
minute (p < 0.01). For the RF, it shows a maximal increase of 44.4% MVIC in the ascending
phase.

For the comparison between 60 and 95 steps per minute on land, the mean %MVIC of
RF and BF at 60 steps per minute was significantly lower than that of 95 steps per minute
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(p < 0.01). For GM, regardless of movement phases on land, the mean %MVIC of GM shows
no statistically significant difference.

For the comparison between 35 and 60 steps per minute in water, mean %MVIC of RF
at 35 steps per minute was significantly lower than that of 60 steps per minute (p < 0.01).
Regardless of movement phases in water, the mean %MVIC of GM and RF shows no
statistically significant difference, except for the descending phase of GM.

For the comparison between 35 and 95 steps per minute in water, the mean %MVIC
of GM, RF, and BF at 35 steps per minute was significantly lower than that of 95 steps per
minute (p < 0.01). For RF shows a maximal increase of 68.9% MVIC in the ascending phase
at the comparison of 35 and 95 bpm in water.

For the comparison between 60 and 95 steps per minute in water, the mean %MVIC of
RF at 60 steps per minute was significantly lower than that of 95 steps per minute (p < 0.01).
For GM and BF, regardless of movement phases on land, the mean %MVIC of these muscles
shows no statistically significant difference.

3.2. Comparison of Environments during FSU Exercise

Table 2 compares the tested muscle activation in different environments. In general, all
tested muscles showed lower muscle activation in water when compared to land (p < 0.05).
RF, GM, and GA showed significant lower muscle activation in water environment regard-
less movement phases and steps per min (p< 0.01, p < 0.01 and p < 0.05, respectively). RF
showed the greatest reduction of 44.8%MVIC in the ascending phase at 95 bpm while GM
showed a maximal decrease of 51.7% MVIC in the ascending phase at 35 bpm. The decrease
in muscle activation of BF is dependent on movement phases such that a significant lower
muscle activation water is only observed in the ascending phase at all investigated steps
per min (p < 0.05).

Table 2. The comparison of tested muscle activation at different media (GM = gluteus max-
imus, RF = rectus femoris, BF = biceps femoris, GA = gastrocnemius, A = ascending phase,
D = descending phase).

Muscle
Steps per

min (bpm) Phase
On land

(%MVIC,
Mean ± SD)

In water
(%MVIC,

Mean ± SD)

p Value

95% Confidence Interval of
the Difference Effect Size

Lower Upper

GM 35 A 14.6 ± 7.9 7.0 ± 4.8 0.000 * −10.2 −3.9 −0.6
D 10.7 ± 6.0 7.3 ± 3.7 0.009 * −5.1 −1.0 −0.4

60 A 16.2 ± 10.6 8.8 ± 4.5 0.003 * −12.7 −2.5 −0.5
D 13.4 ± 7.0 8.8 ± 4.1 0.001 * 2.3 7.0 0.9

95 A 19.3 ± 11.9 11.9 ± 6.5 0.002 * −10.8 −3.0 −0.5
D 16.7 ± 10.2 10.3 ± 5.6 0.009 * −10.7 −1.9 −0.4

BF 35 A 10.4 ± 5.1 7.6 ± 3.7 0.026 * −5.0 −0.1 −0.6
D 7.9 ± 3.9 7.1 ± 2.6 0.363 −2.7 1.0 −0.6

60 A 11.7 ± 5.0 9.1 ± 3.9 0.011 * −4.6 −0.5 −0.6
D 9.3 ± 4.8 8.7 ± 4.3 0.697 −3.1 2.3 −0.6

95 A 14.6 ± 8.0 10.7 ± 3.6 0.043 * −7.6 −0.1 −0.5
D 11.6 ± 6.1 10.2 ± 4.5 0.322 −4.4 1.6 −0.5

RF 35 A 34.0 ± 25.3 16.0 ± 9.7 0.000 * 0.4 5.1 0.5
D 31.6 ± 21.5 15.9 ± 9.2 0.000 * −1.0 2.6 0.2

60 A 38.7 ± 29.4 19.6 ± 12.6 0.000 * 0.7 4.6 0.6
D 37.0 ± 22.4 19.1 ± 11.8 0.000 * −2.4 3.5 0.1

95 A 49.1 ± 34.7 27.1 ± 18.3 0.001 * 0.1 7.7 0.5
D 43.0 ± 19.7 26.7 ± 21.4 0.002 * −1.5 4.4 0.2

GA 35 A 19.2 ± 9.2 14.7 ± 9.5 0.067 * −10.5 0.7 −0.3
D 23.7 ± 11.1 13.3 ± 7.4 0.003 * 4.1 16.7 0.8

60 A 18.2 ± 10.5 12.7 ± 7.3 0.028 * −10.7 −0.4 −0.4
D 24.6 ± 14.1 12.5 ± 6.3 0.003 * −18.2 −4.8 −0.5

95 A 23.3 ± 14.0 16.0 ± 8.2 0.009 * −11.7 −1.6 −0.4
D 25.1 ± 10.3 15.9 ± 6.7 0.002 * 4.0 14.5 0.8

* indicates statistically significant difference (p < 0.05).
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3.3. Comparison of Phases during FSU Exercise

Table 3 compares muscle activation at different movement phases in water and on
land, respectively. The muscle activation of all tested muscles was higher in the ascending
phase regardless of the exercise environment. However, such difference is not statistically
significant in all tested muscles when considered a smaller effect size in water environment.
Considering the movement phases and environments, among the target muscles, only BF
and GM showed significant difference in muscle activation between movement phases on
land (p < 0.05), while RF and GA showed no significant difference among movement phases
in both environments. BF and GM also showed no significant difference among movement
phases in water. On land, BF showed significantly higher muscle activation in ascending
phase at all investigated steps per min (p ≤ 0.01), with the greatest increase of 31.4% MVIC
at 35 bpm. GM only showed a significant difference at 35 bpm, with an increase of 35.8% of
MVIC. In terms of %MVIC of all target muscles in different movement phases, although
RF did not show significant difference in muscle activation among movement phases
regardless the exercise environment, it can be seen that the highest %MVIC among the
tested muscles, with 27.09% MVIC and 26.68% MVIC in the ascending and descending
phase, respectively, in water.

Table 3. The comparison of tested muscle activation at different phases (GM = gluteus maximus,
RF = rectus femoris, BF = biceps femoris, GA = gastrocnemius).

Muscle
Steps per min

(bpm)
Ascending Phase

(%MVIC, Mean ± SD)
Descending Phase

(%MVIC, Mean ± SD) p Value

95% Confidence
Interval of the

Difference
Effect
Size

Lower Upper

On land
GM 35 14.6 ± 7.8 10.7 ± 6.0 0.001 * −5.5 −2.0 −0.8

60 16.2 ± 10.6 13.4 ± 7.0 0.079 −7.3 0.8 −0.4
95 19.3 ± 11.9 16.7 ± 10.2 0.191 −7.1 2.3 −0.3

RF 35 34.0 ± 25.3 31.6 ± 21.5 0.218 −6.8 0.9 −0.3
60 38.7 ± 29.4 37.0 ± 22.4 0.351 −7.8 4.4 −0.2
95 49.1 ± 34.7 43.0 ± 19.7 0.167 −14.3 3.0 −0.3

BF 35 10.4 ± 5.1 7.9 ± 3.9 0.000 * 1.6 3.4 1.4
60 11.7 ± 5.0 9.3 ± 4.8 0.003 * 1.0 3.9 0.8
95 14.6 ± 8.0 11.6 ± 6.1 0.013 * 0.7 5.2 0.6

GA 35 19.2 ± 9.2 23.7 ± 11.1 0.103 −9.9 1.0 −0.4
60 18.2 ± 10.5 24.6 ± 14.1 0.167 −2.1 12.6 −0.3
95 23.3 ± 14.5 25.1 ± 10.3 0.100 −0.9 6.9 −0.4

In
water

GM 35 7.0 ± 4.8 7.3 ± 3.7 0.627 −1.7 2.2 −0.1
60 8.8 ± 4.5 8.8 ± 4.1 0.794 −2.3 2.5 −0.1
95 11.9 ± 6.5 10.3 ± 5.6 0.391 −3.7 1.1 −0.2

RF 35 16.0 ± 9.7 15.9 ± 9.2 0.902 −2.1 2.4 0.0
60 19.6 ± 12.6 19.1 ± 11.8 0.881 −2.0 2.2 0.0
95 27.1 ± 18.3 26.7 ± 21.4 0.601 −5.9 3.3 −0.2

BF 35 7.6 ± 3.7 7.1 ± 2.6 0.423 −0.8 1.9 0.2
60 9.1 ± 3.9 8.7 ± 4.3 0.669 −1.3 2.0 0.1
95 10.7 ± 3.6 10.2 ± 4.5 0.487 −1.0 2.0 0.2

GA 35 15.0 ± 10.0 13.5 ± 7.5 0.502 −0.6 9.7 −0.0
60 12.8 ± 7.3 12.6 ± 6.4 0.881 −2.6 2.0 −0.0
95 16.1 ± 8.2 16.0 ± 6.6 0.931 −4.2 2.5 −0.1

* indicates statistically significant difference (p < 0.05).

3.4. Interaction between Each Muscle Performed Using Three Main Factors (Environment,
Cadence, and Phase)

Regarding the various muscle activities examined, the analysis showed that the main
effects for environments (p < 0.001; ES = 0.51), cadence (p < 0.001; ES = 0.657) and phases
(p < 0.001; ES = 0.315) was significant in GM. Similarly, in RF the main effects for envi-
ronments (p < 0.001; ES = 0.374), cadence (p < 0.001; ES = 0.738), and phases (p < 0.001;
ES= 0.241) was significant. However, in BF, main significant effects could only be found
in environments (p < 0.001; ES = 0.307) and cadence (p < 0.001; ES = 0.659). Among GA, a
significant effect was found in environmental factor (p < 0.05; ES = 0.258), cadence (p < 0.001,
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ES = 0.831) and phases (p < 0.001; ES = 0.648). The environment* cadence* phases interaction
was not significant in RF (p = 0.685; ES = 0.02), GA (p = 0.590; ES = 0.027) and GM (p = 0.229;
ES = 0.075) while the interaction was approaching significant in BF (p = 0.055; ES = 0.142).

4. Discussion

This study hypothesized that lower limb muscle activation in water is lower than on
land, and they increase along steps per min during FSU exercise. The results of this study
provide evidence to support both hypotheses. All targeted muscles showed significantly
lower levels of activation during the in water movements (p < 0.05), with RF showed
a maximal reduction of 44.8%MVIC. Moreover, all target muscle, except GA, showed
a significant increase in muscle activation as steps per min increased regardless of the
environment (p < 0.05). The RF showed a more significant increase at all steps per min
comparison (p < 0.01), with a maximum increase of 44.4% and 68.9% MVIC along the steps
per min on land and in water, respectively.

4.1. The Effect of Steps per min on Lower Limb Muscle Activation

Our results showed that all tested muscles indicate an increasing trend of muscle
activation, with a maximal increase of 44.4%, regardless of movement phases and environ-
ments. This study found that the %MVIC of three of the selected muscles (RF, GM, BF) at
95 bpm was significantly higher than that of 35 bpm, and the %MVIC of RF at 95 bpm was
significantly higher than that of itself at all other steps per min comparisons, regardless
of movement phases and environments. This result partly echoes with the finding of
Zimmermann et al. [16], who investigated the effect of steps per min of stair-stepping
exercise on lower limb muscle activation on land and found that the muscle activation of
GM, RF, and GA increased significantly with steps per min. However, our results did not
show similar trend in GA. Such difference is probably due to the difference of actions in
studies. Our study required participants to stabilize their foot on the stool all the time,
which GA acts as ankle stabilizer; while the research of Zimmermann et al. [16] involved
action of stair climbing, GA acted as the prime mover during ankle plantar flexion. Our
result also agrees with the finding of Lee and Lee [21], who found the muscle activation
of RF increased as squatting speed increased on land. The similarity of results may be
due to the comparable role of RF in both protocols. Lee and Lee [21] proposed that the
increase in muscle activation along speed may be due to larger energy output in a shorter
time. Clamann [22] found that increase in motor unit recruitment would increase the force
output of a muscle, which aligns with the explanation of Lee and Lee [21].

Similar trend of change of muscle activation was also observed in the water envi-
ronment and this trend may be attributed to the change of drag force. Drag force is the
resistance of fluid acts on limbs movement and it increases as the speed of limbs movement
in the same direction increases [2]. According to the drag force equation, increasing the
speed by twice will increase four times of drag force [7]. Our result echoes with the finding
of Chien et al. [6] that the RF muscle activation increased as steps per min increased from
30 bpm to 90 bpm. However, Chien et al. [6] found that the RF muscle activation at 90 bpm
in water was comparable with that on land, while our study was unable to reproduce
similar result. The discrepancy might be due to the difference of exercise design and angle
of limb movement. The study of Chien et al. [6] involved the open chain knee extension
movement of participants in a sitting position, which the lower limb movement was mostly
contributed by the quadriceps muscle; while our study investigated the muscle activation
in close chain FSU exercise, which participants might plantarflexed the ankle and thus
reduced the muscle activation and demand on RF. In addition, our study standardized
the height of stool instead of the starting position of knee angle at 90 degrees, which is the
optimal angle to activate RF and thus, it may affect the muscle activation [23]. Moreover,
our results are in line with Miyoshi et al. [24] that the muscle activation of hip extensor in-
creased as the walking speed in water increases. Their study proposed that as hip extensor
serves a propulsive function to push the body forward in water, greater water resistance
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will demand greater muscle activation of the hip extensor [24]. However, it is essential
to consider that walking in water is a horizontal displacement while FSU is primarily a
vertical displacement, the combination of different role of muscles and direction of water
resistance may alter the pattern of muscle activation.

4.2. The Effect of Exercise Environment on Lower Limb Muscle Activation

Our result showed that performing FSU in water will elicit a lower muscle activation
of GM, BF, RF and GA than that on land (p < 0.05), with a maximal decrease of 44.8% MVIC
in the RF at 95 bpm ascending phase with a smaller effect size. This result echoes with
finding of Yuen et al. [18], who investigated the muscle activation during squatting. The
similar result may be attributed to exercise protocol—both squatting and FSU exercises
are close chain. The reduction in muscle activation in water may be explained by the
effect of buoyancy. Buoyancy, which equals to weight of the fluid displaced by body, is an
upward force exerted by water which causes a reduction in body weight when immersed in
water [25]. Participants of this study are immersed to the chest level in water and have 60%
of weight reduction when performing FSU exercise in water [2]. Another possible cause
could be neuromuscular system deactivation [26]. It is found that immersing participants to
the chest level will induce weightlessness to muscle spindles, which decrease the activation
of reflex of the pressure receptors within the spindles [26]. Thus, this proprioceptive effect
impacts the neuromuscular system in terms of a muscle activation drop. The gravity
changes in water may also impact multiple systems besides muscles, such as the vestibular
and the visual system, by reducing the stimulation of gravireceptors [26,27]. However,
there are uncertainties, such as how and to what extent hydrostatic pressure may affect
muscle activation, and whether the kinematics are altered by the reduced ground reaction
in water have yet to be discussed in papers [28].

4.3. Comparison of Ascending and Descending Phases of FSU

Our results showed that muscle activation of BF in all the steps per min and GM
in 35 bpm were significantly higher during the ascending phase of FSU, with a maximal
increase of 25.6% and 35.8%, respectively, while other muscles did not show significantly
difference between the movement phases. On land, the range of %MVIC of BF activation
found in this study is consistent with that of Ayotte et al. [12] who found that BF activation
was about 12% MVIC during FSU. BF acted significantly more actively during the ascending
phase than the descending phase on land. One of the possible reasons for higher activation
of BF in ascending phase is that BF is a biarticular muscle responsible for hip extension
and knee flexion [29]. During the ascending phase, BF acts as a hip extensor which leads
to an increase in muscle activation while the descending movement may be facilitated
by gravity which may lead to a decrease in muscle activation. In the ascending phase of
FSU, the hip is flexed, and participants in our study were instructed to follow the steps per
min according to auditory cues, so BF may contract eccentrically to control knee extension.
These instructions may also pose greater activity to BF during the ascending phase only.
Simenz et al. [13] also found that concentric activations of GM and RF are greater than that
of eccentric in FSU. This finding is similar to ours to some extent by which only GM had
significant difference between the two phases in 35 bpm. This finding can be explained
by the difference in experimental set-up as the step height in their studies was higher
(45.72 cm) and their participants were required to perform a loaded step-up by using six
RM loads. More importantly, steps per min may be a determining factor of the significant
difference as steps per min of FSU exercise was not instructed in their set-up.

In water, no significant difference was found between ascending and descending
phases of the four muscles at any steps per min. Compared with the results on land, there is
a discrepancy in the results in GM in 35 bpm and BF in all steps per min. The reason for the
insignificant results remained unclear but could be a result of the interactions of the water
properties with muscle activation. In our study, participants started the FSU exercise with
immersion at the chest level and buoyancy can reduce the weight bearing by about 60%
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resulting in less muscle activation in the lower limbs [2,30]. The lowered muscle activation
in BF was consistent with the findings from Yuen et al. [18] who revealed that BF had about
10% MVIC in both ascending and descending phases during water squatting. Additionally,
buoyancy can generate an upward force to assist the upward motion leadings to a decrease
in muscle activation of the hip extensors, i.e., BF and GM, during the ascending phase.
Drag force may also hinder the knee extension movement because drag force will increase
as velocity increases, which may replace BF in controlling the knee extension steps per
min [7]. Thus, the muscle activation of GM in 35 bpm and BF in all steps per min in the
ascending phase may not be significantly different from that of the descending phase.

The current results revealed insignificant interaction between environment, cadence,
and phases among all the muscles despite the interaction was approaching significant in
BF. Such insignificant findings might be due to the characteristics of the FSU exercise [31].
In the present study, the FSU exercise was performed with ascending and descending to
maintain the exercise cadence with buoyancy supported promotes vertical displacement
and resisted to promote resistance trainings. Further research investigating the interaction
effects of FSU could be conducted under different factors.

4.4. Clinical Implications

Aquatic FSU exercise may be applicable to patients with lower limb weakness and
in the initial phase of musculoskeletal rehabilitation. Our result showed that all tested
muscle activation were lower in water, for example, the RF showed a maximal decrease
of 44.8% MVIC in water when compared on land. This indicates that exercising in water
is less demanding and suitable for patients with lower limb weakness. In addition, the
physical properties of water, such as buoyancy and hydrostatic pressure, can reduce pain
and swelling for patients in the early phase of post-operative period [32]. Moreover, aquatic
FSU exercise can serve as a functional training for stair climbing, especially for patients
with knee osteoarthritis, whose stair climbing ability are limited by quadriceps weakness
and knee pain [33].

4.5. Limitations of Study

First, this study evaluated healthy population only, which limited the external validity
as well as application to patients with musculoskeletal disorders. Second, participants
were not restrained from engaging in other lower limb resistance training between land
and water trials. It is possible that these influenced the results. Third, MVIC tests were
conducted by manual methods. In other words, the maximal force resisted by participants
to hold the testing positions is limited by the force of the operator. Nonetheless, in this
study, all MVIC tests were conducted by the same instructor in order to minimize deviation.

5. Conclusions

This is the first study investigating the effect of steps per min on lower limb muscle
activation during aquatic FSU exercise. This study has shown that GM, RF, BF, and GA
muscle activation of healthy individuals increased with steps per min of FSU exercise,
which RF showed a maximal increase of 44.4% MVIC. The exercise pattern of FSU exercise
activates RF the most as RF acts a prime mover of knee extension and elevating the whole
body. In addition, although the %MVIC of BF does not show significant difference in all
steps per minute comparison, it serves as the prime mover of hip extension and controlling
the speed of knee extension. Nevertheless, these muscle activations were lower in water
than on land. The reduction in %MVIC in water is probably due to the buoyancy property
of water, the increase in %MVIC along steps per minute is due to the drag force in water.
However, the effect of hydrostatic pressure of water is not investigated in this study. Further
investigations of factors, such as water immersion depth and angle of limb movement,
are needed as these factors may affect the muscle activation pattern. Overall, aquatic FSU
exercise can be a functional training exercise to improve stair-climbing ability. Moreover,
the muscle activation of all tested muscles is much lower in water, indicating that exercising
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in water is less demanding and is suitable for patients with lower limb weakness. In future
studies, researchers may recruit patients with knee osteoarthritis or knee pain to examine
the effect of steps per min on their muscle activation.
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Abstract: The aim of this study was to analyse the mediating role of Physical Education impor-
tance and satisfaction/fun between the dispositional goal orientations of secondary school students
and their intention to partake in leisure time physical activity. The research design was descrip-
tive, cross-sectional, and non-randomized. In total, 2102 secondary school students participated
(Mage = 14.87; SD = 1.39) (1024 males; 1078 females). The scales used were the Perception of Success
Questionnaire, Importance of Physical Education, Satisfaction with Physical Education, and Intention
to Participate in Leisure Time Physical Activity. Structural equation models with the latent variables
were also calculated. The results highlight that Physical Education satisfaction/fun has a mediating
effect between task orientation and the intention to practice physical activity during leisure time.

Keywords: motivation; satisfaction; task orientation; ego orientation; physical education

1. Introduction

Physical Education (PE) in Spain has significant importance in Organic Law 3/2020,
of 29 December [1]. This law regulates non-university educational teaching in the different
age groups and encourages the education system and PE to help people incorporate sports
practice into their lives and thus contribute to an active and healthy lifestyle. Moreover,
this law adds an additional provision that was not contemplated in the previous one,
Organic Law 2/2006, of 3 May [2]. This provision refers to the promotion of physical
activity and healthy eating so that they are part of the behaviour of children and young
people. This line mentions that the administrations will promote the daily practice of sports
and physical exercise by students during the school day, under the terms and conditions
that, following the recommendations of the government agencies, guarantee adequate
development to promote a healthy and autonomous life, to promote healthy eating habits
and active mobility, reducing sedentary lifestyles [1]. Despite this, adolescence is a stage in
which the practice of physical activity is still largely neglected; in addition, there is a high
rate of physical inactivity in this population [3,4], which is why it is an important issue to
address in the scientific field.

The sedentary lifestyle is a global problem, although in Spain, it is particularly as-
sociated with various psychological [5] and physical pathologies [6]. In this regard, it
should be noted that Spain is the European country with the highest prevalence of mental
health issues, with 20.8% of Spanish adolescents suffering from mental disorders such as
depression, anxiety, and behavioural disorders, among others, according to the United
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Nations Children’s Fund [7]. In addition, there is a prevalence of being overweight or obese
amongst more than 2.5 million Spanish children and adolescents [8]. According to the
National Institute of Statistics [9], the data on physical inactivity are really worrying—31.8%
of secondary and upper secondary school students claim to be inactive during their leisure
time. The problem is exacerbated by adolescents claiming that they have no intention of
practising any physical sports activity in their leisure time, apart from school lessons [10].
Consequently, work needs be done on increasing the students’ intention to do physical
exercise outside school, and since research on secondary school students has revealed that
satisfaction and enjoyment of PE, and the importance given to this subject, can be predictive
variables of their intention to practise physical exercise apart from school lessons [11–14], it
is advisable to address the mediating role of these variables (satisfaction/fun, importance)
between other variables such as the dispositional goal orientations (i.e., task orientation,
ego orientation) with which the students approach this subject (i.e., PE) and their intention
to practise physical exercise apart from school hours.

The Theory of Planned Behaviour [15] considers “intention” to be the most predictive
factor of future behaviour disposing a person towards practising physical activity [16].
According to Ajzen [15], intention can be influenced by three factors: one that reflects the
social influence, the subjective norm, understood as the pressure adolescents perceive from
their peers or teacher, and two other factors of a personal nature—the attitude towards the
behaviour, in which the performance of a certain behaviour is evaluated either positively
or negatively, and the perceived behavioural control, which directly predicts the behaviour
depending on whether it is under voluntary control or not, and whether there are differences
between the control that the person believes they have and that which they actually have.
However, it should be noted that there is a gap between intention and behaviour, that is,
not every intention to perform a behaviour becomes a behaviour itself [17]. Regarding the
intention to be physically active, studies have shown this gap exists between the intention to
be physically active and developing a positive behaviour towards physical activity [17,18].
However, the intention is the proximal antecedent of the enactment of a behaviour [19].
In this line, the intention of adolescents to practice physical activity outside school hours
has been related both to the importance and usefulness they give to PE [20] and to the
satisfaction they experience with the subject [10]. For this reason, we consider it important
to investigate how we can act regarding PE, in order to increase the intention of adolescents
to be physically active in their free time.

Adolescence is a critical stage for students to develop positive attitudes towards
physical activity and sport, with PE playing a fundamental role in generating active
lifestyles [12,21]. If students consider PE important and find it useful for their routine life,
they are more likely to generate active behaviours in the future, increasing their intention
to be physically active in their free time, apart from PE lessons [13,20,22]. In turn, it is
important that adolescents have fun and feel satisfied in PE lessons, since satisfaction
predicts how they perceive both the importance and usefulness of PE and the intention
to be physically active in their leisure time, apart from PE lessons [3,12]. Conversely, if
they experience dissatisfaction or boredom, it will detract from the subject and so decrease
active behaviours outside of school [23].

The Subjective Well-Being Theory is a theoretical construct that analyses the perception
of human beings regarding their satisfaction with life generally, as well as in specific areas of
life such as family, friends, school, sports practice, etc. [24]. PE can be considered a specific
subject for adolescents in which they might make judgments in terms of satisfaction/fun
or dissatisfaction/boredom based on how they learn and experience the subject [10]. In
this vein, Balaguer et al. [25] designed an instrument that measured satisfaction with the
school, which was later adapted to PE by Baena-Extremera et al. [26], in order to measure
the satisfaction and enjoyment experienced by students with PE, in this specific area of
adolescent life. This enjoyment with PE acts as an excellent predictor of both the intention
to practice physical activity outside PE lessons [9] and their participation in physical sports
activities [27]. Thus, generating enjoyable learning environments in PE can be an important
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variable in approaching the goal of adolescents continuing to practise sports outside of
school hours [26]. How adolescents approach their goal perspectives can have a great
impact on how satisfied they are with PE [26] and on their intention to be physically
active [28].

The Social Cognitive Theory within Achievement Goal Theory describes the two per-
spectives that predominate in PE—one being task-oriented and the other ego-oriented [29].
According to the author, when an individual judges their own level of ability, an orientation
towards the task prevails; in contrast, when the individual compares their ability level
to others, an ego orientation predominates. Various studies have linked task orientation
with greater fun and enjoyment of PE, whereas students who have an ego orientation
suffer more from boredom and do not enjoy practising the subject [26,29,30]. Dispositional
goal orientations in PE are so relevant that when adolescent students find themselves in
a task-oriented climate, they tend to perceive PE classes as more enjoyable and are more
active outside of school [31].

As described above, PE plays an important role in a student’s intention to be physically
active outside of school hours because it involves self-determined motivation and the
importance and usefulness that adolescents find in the subject [13,20,22,32], the enjoyment
and fun they experience [10], and the type of dispositional goal orientation that exists in the
class [28]. However, to the best of our knowledge, there are no studies of a predictive model
that includes all these variables. Therefore, this research aims to analyse the mediating
role of satisfaction with PE and the perceived importance and usefulness of PE between
the dispositional goal orientations of secondary school students and their intention to
practise physical activity in their leisure time. After reviewing the scientific literature, we
have considered a hypothesized model (see Figure 1) containing the following hypotheses:
(H1) the importance and usefulness that students perceive in PE will have a negative
mediating effect between ego orientation and the intention to be active outside of the school
environment; (H2) the importance and usefulness that students perceive in PE will have a
positive mediating effect between task orientation and the intention to be active outside
of the school environment; (H3) satisfaction with PE will have a negative mediating effect
between ego orientation and the intention to be active outside of the school environment;
(H4) satisfaction with PE will have a positive mediating effect between task orientation and
the intention to be active outside of the school environment.

Figure 1. Hypothesized model. Note: dashed lines represent non-significant relationships. Note:
PE = Physical Education; Intention-PLTPA = intention to partake in leisure time physical activity.

2. Materials and Methods

2.1. Design and Participants

The study design was cross-sectional. An a priori analysis of the statistical power of
the sample size was carried out [28]; it was estimated that a minimum of 1970 students
were necessary for effect sizes of f2 = 0.126 with a statistical power of 0.99, and a significance
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level of α = 0.05 in a structural equation model with five latent variables and 23 observable
variables [33]. The study involved a total of 2102 secondary school students (1024 male)
from 18 secondary schools in Andalusia. Distribution by course was as follows: 34.9%
studied in the second grade of Compulsory Secondary Education (CSE); 16.9% in third
grade of CSE; 23.6% were fourth graders of CSE; and 24.6% were in their first year of high
school (bachillerato). The age ranged from 12 to 19 years (M = 14.87; SD = 1.39). These
students had a medium economic socio-level, with a 3% rate of dropout, and 7% of pupils
in the classes were foreign. The classes were mixed (boys and girls), and all pupils had
PE as a compulsory subject (two sessions of 60 min/per week). In addition, 28.3% of the
students participated in sporting competitions outside of school during the week.

2.2. Procedure

After obtaining authorization from the schools to carry out the research, the students
were informed of the study objective and their rights as participants in it, how to answer the
questionnaire, that the answers would be kept anonymous, that they would not affect their
grades in the subject, and that they could stop participating in the study at any time. The
data were collected in person by a researcher during the PE class, after previous agreement
with the teacher. The students had 15 min to answer the questionnaire, and the PE teacher
was not present in the classroom. Prior consent was obtained from the parents/legal
guardians of all the participants included in the study. Approval for the research protocol
was obtained from the University Ethics Committee (Ref: 19002018) and was carried out in
accordance with the Declaration of Helsinki.

2.3. Instruments

Perception of Success Questionnaire (POSQ). The Spanish version [34] adapted to
PE [35] of the original POSQ [36] was used. The scale consists of 12 items that measure the
students’ dispositional goal orientations in PE classes: task orientation (six items) and ego
orientation (six items). Responses are collected on a five-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree). A higher score indicates higher dispositional
goal orientation (i.e., task orientation, ego orientation). In the present study, the CFA
model presented the following goodness-of-fit indices: χ2/df = 3.45, p < 0.001; CFI = 0.97;
TLI = 0.97; RMSEA = 0.059 (90%CI = 0.052, 0.066), SRMR = 0.038. The reliability obtained
was: task orientation (McDonald’s Omega, ω) = 0.88; ego orientation, ω = 0.91.

Importance of Physical Education (IPE). The version by Moreno et al. [21] was used,
which evaluates the importance and usefulness students give to PE through three items.
Responses are collected on a four-point Likert scale ranging from 1 (strongly disagree) to 4
(strongly agree). A higher score indicates higher importance of PE. In the present study,
the CFA model presented the following goodness-of-fit indices: χ2/df = 2.45, p = 0.126;
CFI = 0.98; TLI = 0.96; RMSEA = 0.045 (90%CI = 0.038, 0.051), SRMR = 0.042. The reliability
obtained was: ω = 0.78.

Satisfaction with Physical Education (SSI-PE). The satisfaction/fun subscale from the
Spanish version of the SSI-PE [26], part of the original Sport Satisfaction Instrument [25,37,38],
was used. It consists of five items that measure satisfaction/fun with PE classes. Responses
are collected on a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly
agree). A higher score indicates higher satisfaction with PE. In the present study, the CFA
model (satisfaction/fun) presented the following goodness-of-fit indices: χ2/df = 1.01,
p = 0.400; CFI = 0.99; TLI = 0.99; RMSEA = 0.013 (90%CI = 0.002, 0.042), SRMR = 0.004. The
reliability obtained was: ω = 0.94.

Intention to partake in leisure time physical activity (Intention-PLTPA). The Spanish
version [39], based on Chatzisarantis et al. [36], Ajzen and Madden [16], and Ajzen and
Fishbein [40], was used. This one-dimensional scale, consisting of three items, measures the
intention of secondary school students to be physically active in their leisure time (outside
of school). Responses are collected on a 7-point Likert scale ranging from 1 (very unlikely)
to 7 (very likely). A higher score indicates higher intention to partake in leisure time
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physical activity. In the present study, the CFA model presented the following goodness-of-
fit indices: χ2/df = 1.78, p = 0.171; CFI = 0.99; TLI = 0.99; RMSEA = 0.003 (90%CI = 0.001,
0.039), SRMR = 0.003. The reliability obtained was: ω = 0.93.

2.4. Data Analysis

Descriptive statistics and correlations between the analysed variables were estimated
with the SPSS v.28 programme. In addition, the McDonald’s omega coefficient was cal-
culated for each of the variables, considering values >0.70 as being indicative of good
reliability [41]. The SEM was controlled for gender, age, and sports competition outside of
school during the week a two-step structural equation model (SEM) was carried out with
AMOS v.26 [42] to analyse the predictive relationships between the students’ dispositional
goal orientation and the intention to perform physical sports practice in their leisure time,
analysing the mediating role of importance and satisfaction with Physical Education. In
the first step, referred to as the measurement model, the robustness of the bidirectional
relationships between the variables that make up the model was analysed. In the second
step, the predictive effects between the variables were determined. In the event of the
multivariate normality assumption being violated (Mardia’s coefficient = 217.23; p < 0.001),
the analysis was performed using the maximum likelihood method and the 5000-iteration
bootstrapping procedure [42]. To evaluate the model’s goodness of fit, chi-square and de-
grees of freedom (χ2/df) values <5.0 were considered acceptable, as were CFI (Comparative
Fit Index) and TLI (Tucker–Lewis Index) values >0.90, in conjunction with values up to 0.80
for the SRMR (Standardized Root Mean Square Residual) and RMSEA (Root Mean Square
Error of Approximation) [43,44]. To analyse the direct and indirect effects, the proposal of
Shrout and Bolger [45] was followed; thus, the indirect effects (i.e., mediated) and their
95% CI were estimated with the bootstrapping technique, and the significant indirect effect
(p < 0.05) was considered if its 95% CI did not include the zero value.

3. Results

3.1. Preliminary Results

The descriptive statistics and the correlations between the latent study variables are
presented in Table 1. First, it is notable that the mean values for the dispositional goal
orientation are higher in the task orientation than in the ego orientation. The rest of the
variables present moderately high values, considering the measurement range. Regarding
the correlations, all are statistically significant, and the task orientation presents closer
relationships with the ego orientation and satisfaction with PE. The correlations between
the ego orientation and the rest of the variables are low, while the close relationship between
satisfaction with PE and the intention to PLTPA is striking, as is the relationship between
the importance of PE and satisfaction with PE. Regarding the reliability of the scales, all
presented values are higher than 0.70.

Table 1. Descriptive statistics and correlation between variables.

Variable Range M SD Q1 Q2 2 3 4 6

1. Task-orientation 1–5 4.18 0.68 −1.20 1.27 0.34 ** 0.18 ** 0.32 ** 0.28 **
2. Ego-orientation 1–5 3.25 1.13 −0.22 −0.59 0.09 ** 0.15 ** 0.15 **

3. Importance of PE 1–4 3.05 0.77 −0.79 0.36 0.45 ** 0.3 **
4. Satisfaction with PE 1–5 4.19 0.93 −1.08 1.03 0.56 **

5. Intention-PLTPA 1–7 4.97 1.85 −0.64 −0.74

Note. ** The correlation is significant at the 0.01 level. M = mean; SD = standard deviation; Q1 = skewness;
Q2 = Kurtosis; PE = Physical Education; Intention-PLTPA = intention to partake in leisure time physical activity.

3.2. Main Results

In step 1, the model presented acceptable goodness-of-fit values: χ2/df = 3.024,
p < 0.001; CFI = 0.97; TLI = 0.97; RMSEA = 0.040 (90%CI = 0.037; 0.043), SRMR = 0.056. In
step 2, the predictive SEM model also presented an acceptable fit: χ2/df = 4.580, p < 0.001;
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CFI = 0.95; TLI = 0.94; RMSEA = 0.053 (90%CI = 0.050; 0.056), SRMR = 0.069. The SEM
achieved an explained variance of 37% for intention-PLTPA, 20% for satisfaction with PE,
and 9% for importance of PE. After controlling for gender, age, and sports competition
outside school lessons during the week, in the SEM (Figure 2), it was observed that ego
orientation has no effect on the intention to practice physical activity in one’s leisure time
or outside the PE classes, since it does not present statistically significant relationships
with any of the variables (i.e., importance of PE, satisfaction with PE, intention-PLTPA).
In contrast, the direct relationships were significant between task orientation and the im-
portance of PE, satisfaction with PE, and intention-PLTPA, as were the direct effects of
the importance of PE and satisfaction with PE on intention-PLTPA. It is worth noting the
mediating effect of satisfaction with PE between task orientation and intention-PLTPA
(0.19), as it increases the effect between the latter two variables. The mediating effect of
the importance of PE between task orientation and intention-PLTPA is less relevant (0.05)
than that of satisfaction with PE. In addition, the overall effects of task orientation on
intention-PLTPA were higher with the mediating effect of satisfaction with PE (see Table 2).

Figure 2. Predictive relationships of dispositional goal orientations on the intention to partake in
leisure time physical activity through the mediation of the importance and usefulness of Physical Ed-
ucation and satisfaction/fun with Physical Education. Note: ** p < 0.01; SCOSL = sports competition
outside of school lessons; PE = Physical Education; Intention-PLTPA = intention to partake in leisure
time physical activity; R2 = explained variance; CI = confidence interval. Dashed lines represent
non-significant relationships. The SEM was controlled for gender, age, and sports competition outside
school lessons during the week.
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Table 2. Estimation of significant standardized parameters and statistics of the mediation model.

Independent
Variable

Dependent
Variable

Mediator β SE
95%CI

Inf Sup

Direct effects
Task orientation Importance PE 0.26 ** 0.04 0.19 0.33
Task orientation Intention-PLTPA 0.09 ** 0.03 0.04 0.154
Task orientation Satisfaction PE 0.39 ** 0.04 0.33 0.45
Importance PE Intention-PLTPA 0.13 ** 0.04 0.08 0.20
Satisfaction PE Intention-PLTPA 0.49 ** 0.04 0.42 0.54

Indirect effects
Task orientation Intention-PLTPA Importance PE 0.05 * 0.05 0.02 0.08
Task orientation Intention-PLTPA Satisfaction PE 0.19 ** 0.06 0.12 0.25

Total Effects
Task orientation Intention-PLTPA Importance PE 0.14 * 0.04 0.05 0.15
Task orientation Intention-PLTPA Satisfaction PE 0.28 * 0.04 0.23 0.36

Note. β = estimation of standardized parameters; SE = standard error; 95%CI = 95% confidence interval;
Inf = lower limit of 95%CI; Sup = upper limit of 95%CI; PE = Physical Education; Intention-PLTPA = intention to
partake in leisure time physical activity; ** p < 0.01; * p < 0.05.

4. Discussion

The objective of the present research was to analyse the mediation of the importance
and usefulness of PE and satisfaction with PE between dispositional goal orientations
and the intention of secondary school students to practise physical activity in their leisure
time. The main results show that task orientation has a direct and positive effect on the
intention to practice physical activity in one’s leisure time. The total effects on this variable
are increased, above all, with the mediation of the satisfaction with PE that the student
experiences. Ego orientation is not significantly related to any of the variables studied.

Few studies have analysed the prediction of goal orientations on the intention of
adolescents to practice physical activity in their leisure time. The present work shows that
task orientation directly and positively predicts the intention to practice physical activity
during their leisure time in the future, while no significant results were obtained in those
students with an ego orientation. Similar results were obtained by Franco et al. [28]—in their
study, only task orientation predicted the intention to practice physical activity in the future.
Several studies have highlighted how important it is for PE teachers to design their classes
to encourage task-oriented learning climates—this can be decisive, both for achieving
positive results in PE classes and for increasing active lifestyles outside of school [20,46].
These results could be due to the fact that when students have a task-oriented disposition
to achieve their goals, they believe the success of the final result depends on their own
effort, interest, and self-learning [47–49], with these behaviours being related to a lower
probability of them abandoning sports practice in their leisure time [31].

In addition, the results of the present study show that the total effects of dispositional
goal orientation on the intention to practice physical activity in one’s leisure time are
increased with the mediation of adolescents finding PE important and useful but, above
all, of them enjoying the subject. We are not aware of any research that has analysed the
mediating effect of these variables. Focusing on the mediating role of satisfaction with PE,
several studies have found that when a student has fun and feels satisfied with PE classes,
their intention to be active in their leisure time will increase [10,20,28], with task orientation
being a strong predictor of satisfaction with PE [12]. This relationship could be due to the
fact that when adolescents are task-oriented, they tend to make an effort in their personal
development, focusing their satisfaction on self-improvement [47,50,51], thus increasing
their satisfaction with PE [12,48]. Various authors have highlighted the importance of
strengthening student satisfaction and motivation in order to continue physical activity
outside the school classroom [3,32,52–54]. In this way, students will be enriched by positive
experiences in the PE classroom, a fundamental aspect for their commitment to healthy and
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active lifestyle habits [55,56]. Conversely, the accumulation of negative physical activity
experiences can lead to habitual physical inactivity [3,53–55,57].

In the case of the importance and usefulness of PE for students, we are likewise un-
aware of any research that has analysed the mediating effect of these variables. In this
regard, we can say that our results agree with those obtained by other studies, which
related this variable with the intention to be physically active [20–23] and with task orienta-
tion [58,59]. This could be due to the fact that when students are task oriented, they use
internal sources to judge their motor ability, and when they fail to achieve the results, they
respond with increased effort and greater persistence to perform the activity until they are
successful [60]. In this way, they will give greater importance to PE, finding it more useful
for solving everyday situations [61].

Finally, a series of limitations and strengths should be mentioned. In terms of limita-
tions, mention that the present study only measured the intention, not the actual behaviours,
that is, the intentions of adolescents to be physically active do not always translate into
active behaviours. It is worth noting the cross-sectional research design, since when it is
carried out in a determined time, it is not possible to analyse the behaviour of the subjects
during a determined time. Another limitation of the study was that the measurements
and the results obtained were carried out through questionnaires, this could condition
the responses of the participants due to the search for social desirability, causing a bias
in the research. Finally, it is worth mentioning that the sample was not representative, so
the results cannot be generalized to Spanish adolescents. However, regarding the study’s
strengths, the size of the sample and the type of statistical analysis can be highlighted, since
the SEM has been carried out with latent variables. As future research, we suggest that
longitudinal or experimental studies should be carried out, in which it is analysed over
time if the intention to be physically active becomes behaviour, and to analyse which are
the most influential variables in this transformation. Finally, the research topic addressed
in this study is of great interest, namely, proposing a possible solution to physical inactivity
approached through the subject of PE.

Practical Implications

The results of the present study underline the importance of task orientation among
adolescent students and, in turn, that they feel satisfied with PE and that they understand
its importance and usefulness, thus encouraging the intention to continue with physical
activity in their leisure time. For this reason, it is recommended that secondary school PE
teachers highlight the importance of PE in their classes and the usefulness that students
can get from it in their day-to-day lives—for example, by creating an educational blog
about PE [62], encouraging walking or cycling to school [63], or creating fun classes and
new content [64,65], among others. Furthermore, it is recommended that they design their
classes to support student autonomy, with sessions that are motivating and that focus on
self-improvement, since this can help increase enjoyment and satisfaction with PE, and
thus the intention of leading active lifestyles [66–70].

5. Conclusions

In summary, it can be stated that a task-oriented disposition in students increases their
intention to practise physical activity in their leisure time. Furthermore, this intention to
lead an active lifestyle increases especially when students have fun and are satisfied with
PE, although it is also necessary that students consider the subject important and useful.
Finally, secondary school PE teachers should incorporate methodological strategies in their
classes that can be extrapolated to their adolescent students practising physical sports
activity in their leisure time, promoting the use of the surrounding environment (whether
natural or urban), as well as encouraging student autonomy in deciding what activities to
carry out, while motivating them to practice sports for the enjoyment and satisfaction of
experiencing positive emotions and feelings, rather than to achieve an award, demonstrate
ability, or seek social approval from their peers.
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Abstract: Muscular weakness and strength imbalance between the thigh muscles are considered
risk factors for knee injuries. Hormonal changes, characteristic of puberty, strongly affect muscle
strength; however, it is unknown whether they affect muscular strength balance. The present study
aimed to compare knee flexor strength, knee extensor strength, and strength balance ratio, called
the conventional ratio (CR), between prepubertal and postpubertal swimmers of both sexes. A total
of 56 boys and 22 girls aged between 10 and 20 years participated in the study. Peak torque, CR,
and body composition were measured using an isokinetic dynamometer and dual-energy X-ray
absorptiometry, respectively. The postpubertal boys group presented significantly higher fat-free
mass (p < 0.001) and lower fat mass (p = 0.001) than the prepubertal group. There were no significant
differences among the female swimmers. Peak torque for both flexor and extensor muscles was
significantly greater in postpubertal male (p < 0.001, both) and female swimmers (p < 0.001 and
p = 0.001, respectively) than in prepubertal swimmers. The CR did not differ between the pre- and
postpubertal groups. However, the mean CR values were lower than the literature recommendations,
which brings attention to a higher risk of knee injuries.

Keywords: puberty; isokinetic; peak torque; conventional ratio; muscle balance

1. Introduction

Since the beginning of the 20th century, strength training for swimmers has been
discussed among coaches and researchers, but there is evidence of the importance of
propulsion in water and swimming performance [1]. Several previous studies have shown
a positive correlation between muscular strength and swimming performance in short-
distance (shorter than 400 m) [2] and long-distance events (longer than 400 m) [3,4].

Despite the undoubted importance of upper limb strength for performance during the
free-swimming phase, lower limb strength is of fundamental importance at the start and the
turns. Indeed, a significant correlation between lower-limb strength and turn times [5–7] or
time to reach 5 or 10 m after the start [7,8] has already been demonstrated.

In addition, there are strength training recommendations for swimmers to improve
bone mineral density (BMD), especially among children and adolescent athletes [9,10],
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because swimmers have been demonstrated to have lower BMD than other athletes who
perform weight-bearing exercises, such as rhythmic gymnasts [11] or footballers [12].

Strength training has also been recommended as a part of an injury prevention pro-
gram [13]. Tooth et al. [14] conducted a review of risk factors for sports injuries and
demonstrated that muscular weakness is a very important risk factor for injuries. Muscular
strength balance plays an important role in joint stability [1,15]. Thus, the isokinetic strength
profile and strength balance ratios between antagonistic muscles have been described for
several sports and joints [16–19]. Therefore, lower limb strength plays a significant role, as
the knees are one of the most affected joints in swimmers, in addition to the shoulder and
lumbar spine [13].

For the knee joint, the strength balance ratio between the flexor and extensor muscles
has been measured to assess joint stability [15,20–22]. Traditionally, the strength balance
has been calculated from the isokinetic peak torque value of knee flexor muscles divided
by the isokinetic peak torque value of knee extensor muscles, both in concentric action
(flexor-to-extensor ratio), and this ratio has been called the conventional balance ratio
(CR) [23]. Values for CR higher than 60% have been generally accepted as preventive
measures for injuries [23]. However, athletes from different sports commonly present some
degree of strength imbalance because of their unique and repetitive muscular demands or
lateral preferences [22].

Another factor that could affect strength balance among adolescent athletes is the pu-
bertal phase. From puberty, a marked gain in muscle strength is evident [24,25]. However,
it is unknown whether the abrupt muscular strengthening that occurs during puberty is
a balanced gain in all the muscles of the lower limbs or whether the specific and repeti-
tive muscular demand (numerous turns during swimming training) added to the abrupt
strength gain characteristic of puberty can generate an imbalance between knee flexor and
extensor muscles.

Therefore, the aim of the present study was to compare knee muscle strength, the ratio
between the knee flexor and extensor muscles, and body composition between prepubertal
and postpubertal swimmers of both sexes. It was hypothesized that the prepubertal
participants would present less imbalance in comparison to the postpubertal group.

2. Materials and Methods

2.1. Design and Procedure

This was a cross-sectional study. Participants attended the laboratory once and were
asked to refrain from strenuous workouts on the day before the visit. Sexual maturity was
evaluated using the Tanner scale [24], and an isokinetic strength test for thigh muscles
and body composition tests were performed. All the tests were performed in the morning
between 9 a.m. and 11 a.m. Athletes and guardians were informed of the potential risks
and benefits of the study and signed an informed consent form to participate in this study.
All experimental procedures were approved by the University Human Research Ethics
Committee (no.0503/2017) and conformed to the principles of the Declaration of Helsinki.

2.2. Participants

Seventy-eight swimmers (56 boys and 22 girls) participated in this study. All the
athletes from the Olympic Center of Training and Research swimming team were recruited
to participate in the study. The volunteers were divided into two groups according to sexual
maturity and sex (pre- and postpuberty). Group 1 consisted of athletes presenting Tanner
scale G1, G2, or G3 for boys and M1, M2, or M3 for girls. Group 2 consisted of athletes
with Tanner scale G4 or G5 for boys and M4 or M5 for girls. The cut-off for separating the
groups was supported by the fact that Tanner scale 4 is the point of puberty development
that causes a significant increase in strength [25]. The inclusion criteria were as follows:
participation in swimming training for at least 1 year, five times a week, and at least 1 h per
day. The exclusion criteria were as follows: taking any medication, presenting pain in the
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lower limbs in the last 6 months, having previous lower limb surgery, or presenting any
disease that could impact muscular strength. No athletes were excluded.

2.3. Evaluation of Sexual Maturity

The sexual maturity of the athletes was evaluated by a pediatrician based on the criteria
defined by Tanner [24]. These criteria include pubic hair development (P1, P2, P3, P4, and
P5) in both sexes and the quantity and distribution of secondary sexual characteristics
according to the developmental stage of the genitals in boys (G1, G2, G3, G4, and G5)
and breast development in girls (M1, M2, M3, M4, and M5). Stage 1 (P1, G1, and M1)
corresponds to the prepubertal stage, and stage 5 (P5, G5, and M5) corresponds to the
complete development stage.

2.4. Body Composition

The body composition of the participants was evaluated using dual-energy X-ray
absorptiometry (with the software 12.3, Lunar DPX, Madison, WI, USA), which has already
been shown to be a reliable method [26] for obtaining data about fat-free mass (FFM) mass
and fat mass (FM). These variables were expressed in kilograms (kg) and percentages (%).
The values were obtained with the participants in a supine position, centrally aligned with
10 cm between the feet and 5 cm between the hands and trunk. Participants were instructed
to wear comfortable clothes without metal objects such as snaps, belts, jewelry, zippers,
etc. and to eat and drink as they normally would. They were all evaluated after bladder
voiding. The same experienced examiner performed all tests.

2.5. Isokinetic Strength Test

Before the isokinetic strength test, all participants performed a 5-min warm-up on a
cycle ergometer (Cybex Inc., Ronkonkoma, NY, USA) at a resistance of 25 W, followed by
low-intensity dynamic stretching exercises to avoid muscular strength decrease [27].

After the warm-up, an isokinetic strength test for the knee flexor and extensor muscles
of the dominant lower limb was performed using an isokinetic dynamometer (Biodex
Medical Systems Inc., Shirley, NY, USA). Lower limb dominance was determined by asking
participants which limb they preferred to use when kicking a ball. The test position was
determined according to the manufacturer’s instructions. The participants remained in
the sitting position with their hips flexed at approximately 85◦, and standard stabilization
straps were placed around the trunk, waist, and distal femur of the dominant limb to
minimize additional movement, secure the test, and perform all the tests under the same
conditions. The axis of the dynamometer was visually aligned with the lateral femoral
condyle while the knees were flexed at 90◦. The resistance pad was placed as distally as
possible on the lower limb, and the knee was tested from 5◦ to 95◦ of knee flexion (full knee
extension defined as 0◦). Gravity correction was performed according to the manufacturer’s
specifications.

The participants performed five sequenced maximal repetitions of knee flexion and
extension at 60◦/s to measure the peak torque (PT) (Nm). The conventional ratio (CR)
ratio was calculated from the values of the peak torque of knee flexor muscles/peak
torque of knee extensor muscles, both in concentric action at 60 deg/sec. Data were stored
for analysis. An angular speed of 60◦/s was selected as the lowest speed to avoid high
joint pressure while producing the highest torque. The same verbal encouragement was
provided to each participant throughout the test [28].

2.6. Statistics

The analyses were performed using Jamovi (Jamovi project, version 2.2.5 [Computer
Software]). All variables presented normal distribution and homogeneous variability ac-
cording to the Shapiro–Wilk and Levene tests, respectively. Data are presented as the
mean and standard deviation. To compare anthropometric and isokinetic strength data
between the two groups, Student’s t-test for independent samples was used. The mea-
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sures of Cohen’s effect size (d) for differences between the groups were determined by
calculating the mean difference between the two sexes and then dividing the result by the
pooled standard deviation. Calculating effect sizes, the magnitude of any difference was
judged according to the following criteria: d = 0.2–0.4 was considered a “small” effect size;
0.5 to 0.7 represented a “medium” effect size; and higher than 0.8 a “large” effect size [29].
The G*Power version 3.1.9.2 (a program written, conceptualized, and designed by Franz,
Universitat Kiel, Germany; freely available windows application software) was used for
the power analysis calculation [30]. For the power analysis, the t-test family was selected,
and the mean and standard deviation values for all measured variables for both groups, as
well as the effect size values (Cohen d), were included for power analysis. Statistical power
ranged from 0 to 1, with higher values indicating a higher chance of correctly rejecting the
null hypothesis when a specific alternative hypothesis is true. The basis desired power is
usually set to 0.80 as a convention [29]. The level of significance was set at p < 0.05.

3. Results

As expected, the age (years), body mass (kg), and height (cm) of the prepubertal boys
group were significantly lower than the values for the postpubertal group (Table 1).

Table 1. Anthropometric data of the boys in the study.

Pre Puberty
(n = 22)

Post Puberty
(n = 34)

p-Value Power Effect Size (d) CI for Effect Size

Age (years) 11.3 ± 1.2 15.3 ± 2.8 <0.001 >0.99 1.676 0.9 to 2.4

Body mass (kg) 39.7 ± 8.8 61.5 ± 11.4 <0.001 >0.99 2.086 1.2 to 3.0

Height (cm) 149.9 ± 9.91 169.7 ± 9.5 <0.001 >0.99 2.066 1.2 to 3.0

Data are expressed as mean ± standard deviation. CI: confidence interval.

The girls also presented values for age, body mass, and height significantly higher for
postpuberal than for prepubertal groups (Table 2).

Table 2. Anthropometric data of the girls in the study.

Pre Puberty
(n = 11)

Post Puberty
(n = 11)

p-Value Power Effect Size (d) CI for Effect Size

Age (years) 11.3 ± 1.2 15.0 ± 1.8 <0.001 >0.99 2.401 1.3 to 3.5

Body mass (kg) 42.4 ± 7.4 54.8 ± 7.4 <0.001 >0.99 1.673 0.9 to 2.4

Height (cm) 153.6 ± 7.4 161.1 ± 4.9 0.012 0.97 1.182 0.4 to 1.8

Data are expressed as mean ± standard deviation. CI: confidence interval.

The FFM (kg) was significantly higher, and FM (%) was significantly lower in the boys
postpubertal group than in the prepubertal group (Table 3).

Table 3. Body composition and strength values for the boys’ groups.

Pre Puberty
(n = 22)

Post Puberty
(n = 34)

p-Value Power Effect Size (d) CI for Effect Size

Fat-free mass (kg) 29.8 ± 4.8 50.6 ± 9.8 <0.001 >0.99 2.540 1.4 to 3.6

Fat mass (%) 20.4 ± 8.7 14.3 ± 4.6 0.001 0.58 0.941 0.5 to 1.3

PT Ext 60◦/s (N·m) 87.2 ± 21.4 155.8 ± 40.9 <0.001 >0.99 1.977 1.1 to 2.9

PT Flex 60◦/s (N·m) 45.3 ± 12.3 84.2 ± 24.0 <0.001 >0.99 1.920 1.1 to 2.8

CR (Flex/Ext) (%) 51.9 ± 7.3 53.9 ± 6.7 0.292 0.70 0.291 −0.2 to 0.7

Data are expressed as mean ± standard deviation. CI: confidence interval. PT: peak torque; Ext: extensors; Flex:
flexors; CR: conventional ratio.
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Conversely, puberty presented a different effect in the girls group. The FFM (kg) and
FM (%) were not different between the prepubertal and postpubertal groups (Table 4).

Table 4. Body composition and strength values for the girls’ groups.

Pre Puberty
(n = 22)

Post Puberty
(n = 34)

p-Value Power Effect Size (d) CI for Effect Size

Fat-free mass (kg) 29.9 ± 4.1 33.6 ± 10.0 0.278 0.87 0.475 −0.3 to 1.2

Fat mass (%) 29.8 ± 17.4 26.1 ± 6.8 0.516 0.86 0.282 −0.5 to 1.0

PT Ext 60◦/s (N·m) 87.9 ± 14.5 120.0 ± 24.7 0.001 >0.99 1.585 0.9 to 2.3

PT Flex 60◦/S (N·m) 40.6 ± 7.2 57.8 ± 8.9 <0.001 >0.99 2.112 1.2 to 3.0

CR (Flex/Ext) (%) 46.4 ± 4.8 49.5 ± 9.4 0.332 0.87 0.424 −0.3 to 1.2

Data are expressed as mean ± standard deviation. CI: confidence interval. PT: peak torque; Ext: extensors; Flex:
flexors; CR: conventional ratio.

In the boys groups, the PT values for the knee extensor muscles were significantly
higher in the postpubertal group than in the prepubertal group. In the same way, the PT for
the knee flexor muscles also was higher in the postpubertal group than in the prepubertal
group. In addition, the effect size of the PT differences was similar for the knee extensor
and flexor muscles. Considering the CR between the flexor and extensor PT values, there
was no significant difference between the boys groups (Table 3).

In the girls groups, the PT for the knee extensor muscles was also higher in the
postpubertal group than in the prepubertal group. A similar pattern was observed in the
knee flexor muscles, where the postpubertal group presented significantly higher values
than the prepubertal group. However, it could be seen that the effect size of the knee flexor
muscles difference was higher. Consequently, the CR between the flexor and extensor
PT values tended to be higher in the postpubertal group than in the prepubertal group,
although the difference did not reach the significance threshold (Table 4).

4. Discussion

The aim of this study was to evaluate and compare knee muscle strength and CR
between thigh muscles between prepubertal and postpubertal swimmers. The main results
of the present study were as follows: (i) postpubertal male swimmers presented higher
FFM (kg) and lower FM (%) than prepubertal swimmers; (ii) FFM (kg) and FM (%) were not
different between prepubertal and postpubertal girls groups; (iii) postpubertal swimmers
from both sexes showed greater knee flexor and extensor PT values than prepubertal
swimmers; (iv) prepubertal and postpubertal swimmers, from both sexes, were not different
in CR. Therefore, the initial hypothesis of the present study was not confirmed as the CR
was not affected by puberty, neither in male nor female athletes.

FFM is a variable that is affected by puberty, especially in boys. Male puberty is char-
acterized by increased levels of circulating testosterone, which is the hormone responsible
for promoting sexual function development and male somatic characteristics, including
higher muscle mass [31,32]. In contrast to boys, puberty in girls is affected by the sex
hormone estrogen, which triggers the release of gonadotropin-releasing hormone and the
subsequent activation of the hypothalamic-pituitary-gonadal axis [31]. A higher estrogen
level is associated with an increase in FM but has no effect on FFM. This justifies the fact
that the boys presented an expressive increase in FFM after puberty, whereas the girls did
not, as previously demonstrated by Fukunaga et al. [33] and Costa et al. [25].

Considering FM (%) in the boys groups, a significant decrease was observed, which
can be mathematically explained by the significant increase in absolute values of FFM
(kg); therefore, the percentage of FM decreased. In addition, the literature supports these
data because of the intense activity of the hypothalamic-pituitary-gonadal axis during this
period of life [31]. Schneider et al. also reported this change in body composition, with the
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FM percentage varying from 21.0% to 13.6% in male swimmers after puberty, which is in
congruence with the present data (14.3% FM in the postpubertal boys group) [34].

FM (%) did not differ between the girls groups. For female nonathletes, an increase
in FM (%) after puberty is expected because of the higher estrogen levels, which directly
influence fat accumulation [35]. However, the participants in the present study were
athletes, and despite the higher estrogen levels, the participants were used to training at
least 5 days a week, 1 h per day, which certainly helps to maintain FM (%) at lower levels,
despite the present results (26.1% for FM in the postpubertal girls group) being higher than
the values reported by Schneider et al., which were 20.7–18.7% in the postpubertal female
swimmers [34].

According to the strength values, the present results showed significantly higher
values for knee flexor and extensor muscle PT in the postpubertal groups than in the
prepubertal boys group. There were significant differences between the groups in PT,
with the postpubertal groups having higher values in both extension and flexion at 60◦/s.
These data are consistent with the acknowledgment of the strength increase that occurs
during puberty, partly due to the elevation in the serum levels of anabolic hormones,
such as growth hormone and testosterone [36,37]. Of course, these hormones play an
important role in the development of neuromuscular maturation, but the improvement
of the central nervous system during the child’s development (especially in those who
have more physical abilities) is another variable to be considered [25]. These findings
corroborate previous studies that compared PT between prepubertal and postpubertal
adolescents [33,34]. It is important to note that the effect size of puberty on the difference in
the strength of the extensor and flexor muscles is quite similar, indicating that both muscle
groups became stronger in a similar way. Consequently, no difference was observed in the
CR between the flexor and extensor muscles. Nevertheless, the mean CR values presented
by these swimmers deserve further attention. Although the optimum CR between the
flexor and extensor muscles has not been reported, values approaching 60% (measured at
60◦/sec during concentric action) are recommended for injury prevention during dynamic
movements [23,38]. Values below 60% were previously associated with a higher risk of
knee injuries (such as muscular injuries, especially in the hamstrings, anterior cruciate
ligament injury, and tendon injuries) [39–41]. Thus, the mean CR values for the prepubertal
(51.9 ± 7.3%) and postpubertal (53.9 ± 6.7%) groups can be described as relatively low.

Similar to the boys groups, the CR between the flexor and extensor muscles was not
different between the girls groups. However, the situation requires much more attention
because prepubertal, and postpubertal mean values for CR were even lower than 60%
(46.4 ± 4.8% and 49.5 ± 9.4%, respectively). Similar results were presented by Secchi et al.
(2011) for elite swimmers and Dalamitros et al. (2015) for adolescent swimmers, with CR
values ranging from 46.5% to 53.4% [42].

This study had some limitations. First, the reduced sample size may have contributed
to the lack of significant difference between CR for the male groups since the power of
statistical analysis was lower than 0.80 (power = 0.70). Conversely, for the female groups,
the power for all the analyses, including for CR, were higher than 0.80, which ensures
sufficient security to draw conclusions resulting from the results of statistical analyzes.
Therefore, the authors recommend that other studies should be done with a larger sample
size, mainly for the male group. Second, it was a cross-sectional study, and for a better
understanding of how puberty affects muscular strength and balance ratios, a longitudinal
study should be performed. Third, sexual maturity was measured using Tanner levels, and
more accurate and precise methods should be used to precisely measure this variable.

In conclusion, the flexor and extensor muscles were significantly stronger in postpu-
bertal female and male swimmers than in prepubertal swimmers of the same sex, and the
strengthening was balanced between agonist and antagonist muscles once the CR did not
change between the groups of the same sex. However, the CR for the female swimmers
was lower than the literature recommendation; therefore, this situation deserves attention.
The authors of the present study recommend that coaches focus on strengthening the
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hamstring muscles of female adolescent swimmers to maintain a CR higher than 60%,
which is recommended to minimize the risk of knee injury.
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Abstract: Increasing evidence suggests that physical activity (PA) can reduce depression and anxiety
in adolescents. At the same time, quality of life (QoL) is sensitive to both mental health and PA,
but little is known about the mechanism between these three variables among adolescents. This
study aimed to assess the physical activity, mental health, and quality of life of school students
when they returned to school after two years of distance learning in the Jazan region. This current
investigation represented an observational cross-sectional survey conducted in January 2022 among a
random sample of 601 students from intermediate and high schools in the Jazan region, Saudi Arabia.
Three standardized questionnaires were used for data collection; the Arabic version of the Pediatric
Quality of Life Inventory (PedsQL), Depression Anxiety Stress Scales (DASS21), and the Fels PAQ
for children. The analysis revealed a moderate level of physical activity, decreased HRQoL, and
symptoms of mental health problems (anxiety, depression, and stress) among the schools’ students
when they returned to school following COVID-19 lockdown. The overall Pediatric Quality of Life
mean score was (81.4 ± 16.4), which differed significantly according to gender, age groups, and
grade levels (p < 0.05 for all). There was a negative correlation between the overall quality of life and
mental health domains. Sport was negatively correlated with mental illness symptoms and positively
correlated (p < 0.05) with Pediatric Quality of Life. The regression models revealed that stress was a
significant predictor for the quality of life of male and female adolescents ([β = −0.30, (95% CI (−0.59)
to (−0.02), p < 0.05)] and [β = −0.40, (95% CI (−0.70) to (−0.01), p < 0.05)], respectively). The analysis
revealed a moderate level of physical activity among the schools’ students when they returned to
school following COVID-19 lockdown. Children’s involvement in physical activity was associated
with improved quality of life and mental health. The results call for the need to develop appropriate
intervention programs to increase school students’ physical activity levels.

Keywords: depression; pediatric quality of Life; environmental health; sport and children

1. Introduction

The COVID-19 pandemic has significantly altered people’s daily lives, compelling
countries to implement school closures and replacements with virtual classes, lockdowns,
isolation, and social distancing to contain the virus’s spread and mitigate its adverse health
consequences [1,2]. Additionally, COVID-19 has greatly impacted daily life, influencing
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how individuals live, work, learn, interact, engage in physical activity, and manage their
mental health

Physical activity refers to any body movement generated by skeletal muscles that
require energy expenditure [3]. How to encourage children and adolescents to perform an
appropriate level of PA has always been a major public health concern that was worsened by
the pandemic [4]. According to the recommendation given by the WHO, to achieve health
benefits, children and adolescents should do 60 min or more of moderate-to-vigorous-
intensity PA each day [5,6].

Recent research [7,8] suggests that the COVID-19 pandemic may exacerbate physical
inactivity and prolong sedentary time in children, which may be attributed to the lack of
equal opportunities to participate in PA and the unavailability of sports facilities caused
by school closures. It has been shown that students have lower levels of PA and more
sedentary time during the weekends than in school [9].

The COVID-19 pandemic also poses a significant mental health threat among children,
adolescents, and all students generally [10]. It has caused tremendous stress levels, primar-
ily due to schools being closed and home quarantining. As a result, children have become
physically less active, have much-prolonged screen times, have irregular sleep schedules,
and have less healthy diets, resulting in excess weight and a lack of cardiorespiratory per-
formance [10]. Students exposed to these incidents can trigger the development of anxiety,
panic attacks, depression, and mood disorders, and it may also lead to a deterioration in
mental health [11].

A prior study of parents in Italy and Spain discovered that more than 85% of their
children decreased their physical activity, increased their screen times, and increased
maladaptive emotional and behavioral indicators [11]. According to the Centers for Disease
Control and Prevention, 1.9 million children between the ages of 3 and 17 years have been
diagnosed with depression, and 4.4 million have been diagnosed with anxiety as a result of
home quarantine in the USA [12]. Moreover, mental illness and physical inactivity among
students are not just limited to COVID-19 lockdown but extend to the post-lockdown
period as well. Recent research from China suggests that students and adolescents reported
significantly more mental health problems after the COVID-19 school lockdowns [13].

Many studies have documented that PA is positively associated with mental health,
while an inverse association has been reported between psychiatric distress (depression,
stress, and anxiety) and quality of life among adolescents [14,15]. Additionally, physical
inactivity has been found to be inversely associated with quality of life. Despite the inter-
variable associations between these three important variables, the mechanisms underlying
these associations have not been investigated after the COVID-19 pandemic lockdown.
Therefore, the objectives of this study are: (i) to assess the physical activity, mental health,
and quality of life of school students when they returned to school after two years of
distance learning in the Jazan region, southwest Saudi Arabia; (ii) to investigate the asso-
ciation between physical activity, mental health, and quality of life among the students;
and (iii) to determine whether any differences exist between students in terms of physical
activities, mental health, and quality of life according to gender. The study results will shed
light on adolescents’ quality of life, physical activity, and mental health post COVID-19
lockdown and offer policymakers and school administrations guidance regarding these
essential indicators.

2. Materials and Methods

2.1. Study Design, Setting, and Population

A cross-sectional survey was conducted among students of intermediate and high
schools in the Jazan region. School-aged children and adolescents (intermediate and
secondary schools) are an important segment of the population, and additional information
was needed to determine their mental health, QoL, and PA statuses post COVID-19 period.
The Jazan region is one of the KSA’s thirteen regions. It is located on the tropical Red
Sea Coast in southwestern KSA. The region covers an area of 11,671 km2, including some
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5000 villages and towns, with a population of 1.5 million. The intermediate educational
stage in Saudi Arabia lasts three years, while secondary education lasts for the same period.
During the COVID-19 pandemic, around 22,000 schools were closed from 9 March 2020.
Classrooms opened again for students in intermediate and high schools on 29 April 2021.
Inclusion criteria involved school-age children (intermediate and secondary schools) who
registered for the academic year 2021/2022, lived in the Jazan region, and were aged
between 12 to 18 years old. This research was conducted in January 2022.

2.2. Sampling Procedures

A sample size of 640 students was determined for conducting this survey. The sample
size estimation was based on Cochran’s formula [16] for cross-sectional surveys: initial
sample size n = [(z2 * p * q)]/d2, where p is the (estimated) proportion of the population,
which has the attribute in question; q = (1 − p); d is the desired level of precision; and
Z is the critical value of the normal distribution at the required confidence level; usually,
Z = 1.96 for 95% C.I. This research utilized the following indicators: p = prevalence of the
required, studied phenomenon, which was set at 50% (as no information related to the
main research outcome was available); Z = 1.96 confidence interval; and d = error not more
than 4%, with a 10% non-response rate. Due to the pandemic situations of COVID-19,
the research combined both the random and non-random sampling designs to recruit the
students for this study. In the first stage, eight schools (two intermediate and two high
schools for both genders) were selected randomly from each educational sector. The Jazan
region, administratively, is divided into two educational sectors. Second, a convenience
sample was utilized to select the pupils from each selected school to participate in this study.
The survey link was sent to the child’s parent/guardian, and the parents/guardians were
asked to assent to their child’s participation in the survey before the child could participate.

2.3. Data Collection and Instrumentation

The study was conducted using a self-administered questionnaire prepared in Arabic
and distributed via an anonymous online survey instrument. The first part of the question-
naire covered the socio-demographic information of the study participants, such as age,
gender, nationality, residence, and parent’s education level. The second part of the ques-
tionnaire involved the validated Arabic version of the Fels PAQ for children (7–19 years).
The instrument was a self-administered questionnaire assessing habitual physical activity
in an eight-item questionnaire containing three “open” questions for which some activities
required listing by the study participants. The frequency of participation for each activity
was also obtained [17]. The third part of the questionnaire was the Arabic version of the
Depression Anxiety Stress Scales (DASS21) [18]. DASS is a 21-item instrument measuring
current (“over the past week”) depression, anxiety, and stress symptoms. Participants were
asked to use a 4-point combined severity/frequency scale to rate the extent to which they
experienced each item over the past week. The scale ranged from 0 (did not apply to me
at all) to 3 (applied to me very much or most of the time). Scores for depression, anxiety,
and stress were calculated by summing the relevant item scores of depression, anxiety, and
stress. The fourth part of the questionnaire was the Arabic version of the Pediatric Quality
of Life Inventory (PedsQL) [19], which is a 23-item generic health status instrument with
child forms that assesses five domains of health (physical functioning, emotional func-
tioning, psychosocial functioning, social functioning, and school functioning) in children
and adolescents aged 13 to 18. A pilot study was conducted among 30 participants from
one school to test the questionnaire’s applicability and understanding before starting the
actual research. The assessment of the internal consistency for the three measures showed
Cronbach’s α = 0. 932 for the PedsQL; DASS21 showed a Cronbach’s α of 0.954; and finally,
the FELS PAQ for children recorded a Cronbach’s α = 0.867.
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2.4. Study Ethics

The research was conducted according to the ethics guidelines of Saudi Arabia. Ethical
clearance was obtained from the Standing Committee for Scientific Research Ethics-Jazan
University (HAPO-10-Z-001) (REF# REC-43/05/088). All study participants read and
signed the consent form following a short introduction about the study objectives. Par-
ticipants were told that they had the right to withdraw at any time and that there would
not be any harm or loss of benefits if they continued or withdrew from participating. Fi-
nally, we strictly ensured that each participant’s personal information was preserved and
confidentiality was maintained.

2.5. Statistical Analysis

The IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp program
was used for data analysis. The analysis involved descriptive as well as inferential statis-
tics according to the essential purpose of each relationship. Categorical variables were
described as frequencies and percentages. The normality of the continuous variables was
assessed using the Kolmogorov–Smirnov test. To assess the differences in the demographic
characteristics in the FELS PAQ and PedsQL, we compared the means of continuous vari-
ables using the Student’s t-test and one-way ANOVA, respectively. The effect size, based on
Cohen’s d and omega squared, was calculated. Cohen’s d was interpreted as follows: <20
as very small; 0.20–0.49 as small; 0.51–0.80 as intermediate; and >0.8 as a large effect. An
omega-squared effect size of 0.01–0.06 was considered small, 0.06–0.14 was considered
medium, and >0.14 was considered large. A multiple linear regression model was used to
assess predictors of the overall score of quality of life among the pupils. The final model
was assessed for multicollinearity and assumptions of the ordinary least squares (OLS) tech-
nique. The Pearson correlation coefficient was computed to assess the correlation between
the overall quality of life, sport index, and the DASS21 domains among the adolescents.
The correlation coefficient was defined as weak (0–0.29), moderate (0.30–0.50), and strong
(>0.50). A p-value less than 0.05 was considered significant.

3. Results

Table 1 summarizes the study participants’ characteristics and the levels of the HRQoL
and FELS PAQ scores. Among the pupils, males constituted 337 (56.1%). Most of them
were in the age group of 17–18 years, and 460 (76.5%) lived in rural areas. Regarding
their parents’ education levels, 273 (53.8%) of the fathers were of secondary and university
education, compared to 218 (42.9%) of the mothers. Almost 377 (74.2%) of the mothers
were housewives, while more than one-third of the fathers, 196 (38.6%), were working
in governmental positions. The table further showed that the PedsQoL scores differed
significantly according to gender, age groups, and grade levels, whereas the FELS PAQ
total score was significantly different according to grades only (p < 0.05 for all).

Table 1. Background characteristic, health-related quality of life, and physical activity scores among
the study participants (n = 601).

Characteristics N %
PedsQoL Scores FELS PAQ Total Score

Mean ± SD p-Value Mean ± SD p-Value

Gender
Male 337 (56.1) 84.1 ± 16.0

<0.001
9.5 ± 1.8

0.203
Female 264 (43.9) 77.8 ± 17.5 9.4 ± 1.6

Age groups
12–14 year 86 (14.3) 76.7 ± 17.8

0.010
9.6 ± 1.6

0.30415–16 years 189 (31.4) 80.9 ± 16.2 9.6 ± 1.7
17–18 years 326 (54.2) 82.9 ± 17.0 9.4 ± 1.8

Residence
Village 460 (76.5) 80.8 ± 17.1

0.148
9.4 ± 1.7

0.279Town 141 (23.5) 83.2 ± 16.3 9.6 ± 1.9
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Table 1. Cont.

Characteristics N %
PedsQoL Scores FELS PAQ Total Score

Mean ± SD p-Value Mean ± SD p-Value

Grades

1st Intermediate 43 (7.2) 72.0 ± 16.6

<0.001

9.9 ± 1.6

0.300

2nd Intermediate 43 (7.2) 79.7 ± 21.5 9.5 ± 1.5
3rd Intermediate 52 (8.7) 77.3 ± 16.2 9.6 ± 1.9
1st High School 164 (27.3) 82.5 ± 15.2 9.6 ± 1.8
2nd High School 158 (26.3) 85.0 ± 15.0 9.1 ± 1.6
3rd High School 141 (23.5) 80.9 ± 18.4 9.5 ± 1.9

Father’s Level of
Education

Primary 118 (23.2) 80.0 ± 16.3

0.508

9.4 ± 1.7

0.079
Intermediate 68 (13.4) 80.2 ± 17.4 10.1 ± 1.7

Secondary 140 (27.6) 80.9 ± 17.9 9.4 ± 1.7
University 133 (26.2) 82.5 ± 15.2 9.5 ± 1.6

Postgraduate 49 (9.6) 77.8 ± 17.7 9.5 ± 1.9

Mother’s Level of
Education

Primary 184 (36.2) 80.7 ± 16.5

0.922

9.5 ± 1.7

0.850
Intermediate 72 (14.2) 80.3 ± 16.9 9.5 ± 1.7

Secondary 112 (22.0) 80.7 ± 18.5 9.5 ± 1.8
University 106 (20.9) 81.7 ± 14.2 9.6 ± 1.6

Postgraduate 34 (6.7) 78.7 ± 19.1 9.2 ± 1.9

Father’s Job

Own Business 45 (8.9) 81.7 ± 16.4

0.173

9.7 ± 1.8

0.751
Government Sector 196 (38.6) 80.5 ± 15.8 9.5 ± 1.6

Private Sector 26 (5.1) 73.7 ± 14.6 9.9 ± 1.6
Retired 167 (32.9) 80.7 ± 18.9 9.5 ± 1.8

Not Working 74 (14.6) 83.1 ± 14.4 9.5 ± 1.6

Mother’s Job

Own Business 21 (4.1) 77.4 ± 20.5

0.773

9.0 ± 1.8

0.391
Government Sector 81 (15.9) 82.0 ± 14.2 9.3 ± 1.6

Private Sector 10 (2.0) 76.9 ± 18.0 9.9 ± 1.6
Retired 19 (3.7) 80.6 ± 21.1 9.7 ± 1.6

HW 377 (74.2) 80.8 ± 16.8 9.6 ± 1.7

Abbreviations: SD = standard deviation, HRQol = health-related quality of life based on the PedsQL questionnaire.
p-value is based on the independent sample t-test or the one-way ANOVA test.

Table 2 presents descriptive statistics for mental health, physical activity, and quality
of life for boys and girls. According to the table, girls scored significantly higher than
boys on all three DASS subscales. Boys had a significantly higher sports index than girls
(p < 0.001). According to the Pediatric Quality of Life (PedsQL), the table showed that boys
had significantly higher scores in all PedsQL domains (p < 0.05), with a small effect size
ranging between 0.169–0.450.

Regarding mental health among the students, 341 (56.7%) were assessed to be free of
depression symptoms; 67 (11.1%) suffered from mild depression; 99 (16.5%) had moderate
depression; and only 45 (7.5%) and 49 (8.2%) were considered to have severe and extremely
severe depression symptoms, respectively. Regarding the anxiety subscale, 41 (51.6%)
were normal; 41 (6.8%) suffered from mild anxiety; 105 (17.5%) had moderate anxiety;
and 49 (8.2%) and 96 (16.0%) were considered to suffer from severe and extremely severe
anxiety, respectively. Finally, for the self-reported stress majority, 415 (69.1%) were normal;
63 (10.5%) were considered to have mild stress; 49 (8.2%) were classified as having moderate
stress symptoms; and only 43 (7.2%) and 31 (5.2%) were considered to suffer from severe
and extremely severe stress, respectively. The PedsQL scores were found to be significantly
different across all DASS21 self-reported subscales (p < 0.05) [Table 3].
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Table 2. Descriptive statistics of mental health, physical activity, and quality of life for boys (n = 337)
and girls (n = 264).

Scale Component
Total Boys Girls

p-Value * Cohen’s d
Mean SD Mean SD Mean SD

DASS21 scores
Anxiety scores 4.8 5.0 3.9 4.5 5.9 5.5 <0.001 −0.414

Depression scores 5.0 5.3 4.2 4.6 6.1 5.8 <0.001 −0.360
Stress scores 5.5 5.5 4.7 4.9 6.4 6.1 <0.001 −0.309

FELS PAQ Total
score

Leisure Index 3.1 0.8 3.1 0.9 3.1 0.7 0.922 −0.008
Sports index 3.2 0.8 3.4 0.7 3.0 0.7 <0.001 0.553
Work Index 3.2 1.1 3.1 1.1 3.3 1.0 0.032 −0.178

Fles Total score 9.5 1.7 9.5 1.8 9.4 1.6 0.203 0.109

Pediatric Quality of
Life (PedsQL)

Physical Functioning 83.2 17.9 86.3 17.2 79.3 18.0 <0.001 0.402

Emotional Functioning 76.1 24.3 80.8 21.5 70.1 26.3 <0.001 0.450

Social Functioning 85.9 19.0 87.7 17.4 83.6 20.7 0.008 0.217
School Functioning 80.2 20.4 81.8 20.5 78.3 20.2 0.040 0.169
Overall Qol Scores 81.4 16.9 84.1 16.0 77.8 17.5 <0.001 0.379

* p-value is based on the independent sample t-test.

Table 3. The Depression, Anxiety, and Stress Scale—21 items (DASS21) (n = 601).

DASS Symptoms N %
HRQoL Scores

p-Value *
Omega

SquaredMean SD

Depression

Normal 341 56.7 89.8 12.1

<0.001 0.400
Mild 67 11.1 77.9 13.9

Moderate 99 16.5 72.0 14.2
Severe 45 7.5 70.7 9.1

Extremely
Severe 49 8.2 56.3 18.9

Anxiety

Normal 310 51.6 90.1 12.4

<0.001 0.348
Mild 41 6.8 81.2 12.8

Moderate 105 17.5 76.5 13.4
Severe 49 8.2 70.9 13.5

Extremely
Severe 96 16.0 63.9 17.9

Stress

Normal 415 69.1 87.4 13.2

<0.001 0.322
Mild 63 10.5 73.6 14.3

Moderate 49 8.2 72.5 14.4
Severe 43 7.2 62.8 15.9

Extremely
Severe 31 5.2 56.7 18.7

* p-value is based on one-way ANOVA.

Table 4 shows the correlations between adolescents’ quality of life, sports, and mental
health (DASS21 domains). According to the table, there was a significant, strong negative
correlation between the overall quality of life and all mental health domains (p < 0.05).
Sports showed weak negative correlations with all mental health domains (p > 0.05) and a
weak positive correlation with the overall quality of life (p > 0.05).

Table 5 shows the results of the multiple linear regression models, which demonstrated
that stress was a significant predictor for the low quality of life of male and female adoles-
cents ([β = −0.30, (95% CI (−0.59) to (−0.02), p < 0.05)] and [β = −0.40, (95% CI (−0.70) to
(−0.01), p < 0.05), respectively]).
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Table 4. Correlations between the overall quality of life, sport index, and the DASS21 domains among
adolescents.

Depression
Score

Anxiety
Score

Stress Score Sport Index
Overall

Quality of
Life

Depression Score 0.826 ** 0.849 ** −0.061 −0.643 **
Anxiety Score 0.826 ** 0.839 ** −0.002 −0.603 **
Stress Score 0.849 ** 0.839 ** −0.010 −0.628 **
Sport index −0.061 −0.002 −0.010 0.062

Overall Quality of
Life −0.643 ** −0.603 ** −0.628 ** 0.062

** Correlation is significant at the 0.01 level (2-tailed).

Table 5. Multiple linear regression models for the predictors of students’ quality of life.

Models

Estimate

p-Value

95.0% Confidence
Interval for B Model

Fitness
Beta SE

Lower
Bound

Upper
Bound

Male

(Constant) 97.61 4.40 <0.001 88.95 106.27

R2 = 0.424

Depression Score −0.53 0.15 <0.001 −0.83 −0.24
Anxiety Score −0.28 0.15 0.065 −0.57 0.02
Stress Score −0.30 0.14 0.036 −0.59 −0.02

Leisure Index −0.84 0.95 0.379 −2.70 1.03
Sport index 1.11 0.98 0.260 −0.83 3.04
Work index −1.71 0.71 0.017 −3.10 −0.31

Female

(Constant) 101.98 5.30 <0.001 91.54 112.41

R2 = 0.462

Depression Score −0.63 0.15 <0.001 −0.93 −0.34
Anxiety Score 0.02 0.16 0.906 −0.29 0.33
Stress Score −0.40 0.15 0.010 −0.70 −0.10

Leisure Index −1.81 1.23 0.141 −4.23 0.61
Sport index −0.03 1.14 0.979 −2.27 2.21
Work index −1.77 0.91 0.052 −3.56 0.01

All

(Constant) 99.06 3.28 <0.001 92.61 105.50

R2 = 0.457

Depression Score −0.59 0.11 <0.001 −0.80 −0.38
Anxiety Score −0.15 0.11 0.168 −0.35 0.06
Stress Score −0.33 0.10 0.001 −0.54 −0.13

Leisure Index −1.25 0.74 0.092 −2.70 0.21
Sport index 0.88 0.71 0.216 −0.52 2.28
Work index −1.81 0.55 0.001 −2.89 −0.72

Abbreviation: Beta = regression coefficient; SE = standard error of the coefficient.

Figure 1 shows the sports played in school by the adolescents. It was found that the
percentage of those who never practiced sports was 78.7% for tennis, 74.4% for basketball,
69.2% for volleyball, and 51.3% for football. The percentage who practiced football regularly
was 25.0%, compared to 13.3% for volleyball, 14.3% for basketball, and 12.5% for tennis.

0.0 20.0 40.0 60.0 80.0 100.0

Football

Volleyball

Basketball

Tennis

Percent

Never Regularly Sometimes Often

Figure 1. Sports played in school by adolescents.
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4. Discussion

The present study aimed to assess the mental health, physical activity, and quality of
life of school students when they returned to school after two years of distance learning in
the Jazan region, southwest Saudi Arabia. Children and adolescents were at higher risk of
mental problems due to restrictions during the pandemic. For that, families were greatly
challenged to adapt to these restrictions and to create a healthy environment, particularly
during online classes.

During the pandemic, the government established quarantine measures to control
the spread of the disease; this led to restrictions on freedom and significantly increased
stress among the population. These restrictions also led to violence, in some instances,
among families and may have had an impact on the mental health of children and adoles-
cents [20,21], eventually leading to long-term adverse outcomes. Our findings suggested
that the COVID-19-related lockdown had a negative effect on children’s and adolescents’
mental health and physical activity. Additionally, the results concluded that this period
had a negative impact on the pupils’ quality of life.

Regular physical activity and exercise are related to an improved sense of well-being,
physical health [22], life satisfaction, and cognitive performance. Our results revealed a high
proportion of pupils who never practiced any type of sport. This pattern of low level of PA
was not surprising, as the COVID-19 period affected the involvements of the students in all
types of sports. This pattern of PA behavior was entirely consistent with expectations and
the adolescents still affected by the COVID-19 period, which is characterized by a low level
of physical activity [23]. In contrast to a previous study [23], we found significant gender
differences in physical activity, with girls being less active than boys, but the reasons for
this remain unclear. Previously, these gender differences were explained by non-modifiable
elements, such as a girl’s biology, as well as by certain modifiable variables, such as a girl’s
psychology, social support, and cultural and physical environmental factors. As is the case in
most Arab countries, girls receive less social support than boys, as many families limit their
girls from exercising outdoors, due to traditional cultural and religious norms [6]. As a result,
authorities, schools, health, exercise providers, and families must be aware of the severity of
the problem and quickly establish appropriate physical activity interventions to mitigate the
detrimental effects of the COVID-19 outbreak on children’s and adolescents’ health [24].

A significant finding of our study was that depression, stress, and anxiety levels all
had negative effects on the overall quality of life and physical activity; these findings were
consistent with a study in Italy and Spain that reported that 85.7% observed a change
in the behaviors and emotions of their children during the pandemic, based on parents’
reports [11]. Another cross-sectional study was conducted in China, which targeted ado-
lescents during the pandemic, and they assessed depression using the Patient Health
Questionnaire (PHQ-9) and anxiety using Generalized Anxiety Disorder (GAD-7), both of
which were not used in our study. The prevalence of depression and anxiety were 34.7%
and 37.4%, respectively [25].

The results suggested that 43.3% of participants were depressed, and overall quality
of life correlated with depression. These outcomes were also found in a study conducted
in China among adolescents, which reported that 39.5% of the participants experienced
depression, which was linked with less physical activity as a factor of depression during
the COVID-19 pandemic [26].

In this study, quality of life involved the physiological integrity of individuals, as well
as mental health and social comfort. The analysis revealed that parameters of quality of
life were affected negatively by psychological issues. Additionally, males and females with
higher physical activity levels had considerably higher quality of life scores. Regular physical
activity was established in literature to considerably improve the quality of life of healthy
individuals and chronic disease patients. In line with this approach, the results of our study’s
multiple linear regression analysis revealed that students’ mental health had a negative effect
on their quality of life, particularly depression, which is a major predictor of both male and
female teenage quality of life. These findings highlighted the critical significance of including
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physical exercise and mental health programs in community-based rehabilitation programs to
safeguard and maintain patients’ quality of life during the ongoing pandemic [23]. This study
highlighted the adverse impact of COVID-19 on physical activity and the mental health of
adolescents. The results can help inform decision-makers about the relationship between the
PA, HRQol, and mental health and pave the way for the formulation of intervention programs
that can improve adolescents’ quality of life.

The present study had some limitations. This was a cross-sectional-based study.
Therefore, the temporal correlation between explanatory variables and outcomes could not
be assessed. As this was an online survey-based study, response and selection biases are
possible. Finally, the results of our study cannot be generalized to the whole population in
the Jazan Region.

5. Conclusions

The analysis revealed a moderate level of physical activity among the schools’ students
when they returned to school following COVID-19 lockdown. Children’s physical activity
involvement is linked to the improvement in quality of life and mental health. The results
call for the need to develop appropriate intervention programs to increase school students’
physical activity levels. Future research focusing on the inter-variable associations between
PA, mental health, and quality of life, using higher study designs, such as a cohort study, is
highly needed.
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Abstract: The present study aimed to investigate the effects of a 10-week online high-intensity
interval training (HIIT) program on body composition and aerobic and aerobic performance in
physically sedentary women. A parallel, two-group, longitudinal (pre, post) design was used
with physical tests performed before (preintervention) and after (postintervention) the 10-week
intervention period. A total of forty-eight healthy and physically sedentary women (defined as an
individual who lacks regular exercise or a structured fitness routine) were recruited to participate
in this study. The participants were distributed in two groups: the experimental group (EG) with
24 women (mean ± SD: age 21.21 ± 2.15 years; weight: 61.16 ± 8.94 kg; height: 163.96 ± 4.87 cm;
body mass index (BMI): 22.69 ± 2.49 kg/m2) and the control group (CG) with another 24 women
(mean ± SD: age 20.50 ± 1.29 years; weight: 62.0 ± 6.65 kg; height: 163.92 ± 4.89 cm; body mass
index: 23.04 ± 1.74 kg/m2). The EG performed an online HIIT program for 10 weeks, while the CG
continued with their daily life routines. The repeated measures ANCOVA indicated a significant
effect in the within-group analysis for weight (p = 0.001; d = −0.96) and for BMI (p = 0.001; d = 0.24),
with a significant decrease in the experimental group (EG). The control group (CG) did not show
any significant decrease in either body weight or BMI. Regarding the maximal oxygen uptake (VO2
max) values, the EG exhibited a significant improvement (p = 0.001; d = −1.07), whereas the CG
did not demonstrate a significant improvement (p = 0.08; d = −0.37). The EG’s power output (W)
(p = 0.001; d = −0.50) and power output standardized by body weight (W/kg) (p = 0.001; d = −0.96)
were significantly improved. The CG did not show a significant improvement in either power
output (W/kg) or power output. Lastly, the within-group analysis with load revealed that the EG
significantly improved (p = 0.001; d = −0.50), while CG did not show a significant improvement in
load (p = 0.10.; d = −0.10). The present study showed that 10 weeks of HIIT in an online environment
during the COVID-19 lockdown significantly improved maximum oxygen consumption and caused
weight loss and a significant decrease in body mass index in physically sedentary women. These
results suggest that HIIT may be used as a time-efficient strategy to improve body composition and
cardio-respiratory fitness in sedentary women.

Keywords: performance; sedentary; women; anthropometric; interval training
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1. Introduction

The COVID-19 pandemic has ushered in unprecedented challenges, significantly dis-
rupting daily routines and prompting profound changes in lifestyle patterns worldwide [1].
Government-imposed lockdowns and restrictions on mobility have led to a surge in seden-
tary behaviors among individuals, exacerbating concerns about health and well-being [2].
Sedentary lifestyles are associated with various health issues, including increased risks of
cardiovascular diseases, obesity, and mental health disorders [3]. The pandemic’s impact
on physical activity underscores the critical need for innovative and accessible exercise
solutions that can be implemented under restrictive conditions.

High-intensity interval training (HIIT) is estimated to be one of the most popular
trends in fitness according to the American College of Sports Medicine (ACSM)’s Annual
Fitness Trend Forecast [4]. HIIT is characterized by repeated short-term explosive-intensity
anaerobic activities (≥85–90% maximal oxygen uptake (VO2 max) for health subjects or
≥80% VO2 max for clinical populations), interspersed by periods of passive or low-intensity
exercise recovery, and it typically takes less than 30 min per training session [5,6]. HIIT
has gained recognition as a popular alternative exercise approach compared to traditional
moderate-intensity continuous exercise. This method aims to reduce the body fat per-
centage, lower the resting heart rate, and improve aerobic fitness in a shorter timeframe,
particularly among sedentary individuals [7–9].

Similarly, HIIT provides significant enhancements in VO2 max. This contributes to
improvements in both aerobic and anaerobic fitness within a brief period, surpassing
the benefits offered by alternative training methods [10]. Therefore, previous studies
suggested that HIIT could be a solution to improve health and reduce morbidity in the
adult population [11,12]. This type of training is tolerable and acceptable to physically
sedentary people, although at first, it generated a lot of controversy in people with little
training due to the high intensity that this mode of training entails. However, in recent
years, it has been prescribed to the elderly, young people, and adolescents [13]. Therefore,
it must be taken into account that these HIIT programs can cause a greater feeling of fatigue
due to a higher ratio of perceived exertion (RPE) in comparison with the classic continuous
training of moderate intensity [14].

The context of the COVID-19 pandemic, which disrupted regular exercise routines,
underscores the relevance of understanding the impact of online HIIT during periods of
restricted mobility and social distancing. While previous literature has predominantly
delivered HIIT in person, rather than conducting it online [7], the present study explored the
novel approach of online delivery and considered the unique challenges and opportunities
it presents. Therefore, the present study may contribute valuable insights into promoting
accessible and effective exercise strategies, particularly during times of restricted mobility
and social isolation.

Understanding how an online HIIT approach can impact individuals during a period of
restricted mobility and social distancing is highly relevant. For the above reasons, the purpose
of this study was to investigate the effects of a 10-week online HIIT intervention on body
composition and aerobic performance variables in healthy, physically sedentary women.

2. Materials and Methods

2.1. Experimental Approach to the Problem

A parallel, two-group, longitudinal (pre, post) design was used with physical tests
performed before (preintervention) and after (postintervention) the 10-week intervention
period. The participants were assigned and matched into two groups, an experimental
group (EG) and a control group (CG). The participants from the CG were asked to maintain
their daily life routines, while those from the EG were introduced to a one-hour HIIT
familiarization session before the start of the intervention. Regarding the day of training, it
was preceded by 48 h of absence of high effort activities. The study was conducted between
January and March 2021. (See Table 1, for more information).
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Table 1. Timeline of this study.

2021

Months January February March

Week 1 2 3 4 5 6 7 8 9 10

EG Pre High-intensity interval training Post

CG Pre Maintain routines Post

2.2. Participants

A total of forty-eight physically sedentary women were recruited to participate
in this study. There were two groups: the EG with twenty-four women (n = 24; age:
21.21 ± 2.15 years; weight: 61.16 ± 8.94 kg; height: 163.96 ± 4.87 cm; body mass in-
dex: 22.69 ± 2.49 kg/m2) and the CG with another twenty-four women (n = 24; age:
20.50 ± 1.29 years; weight: 62.0 ± 6.65 kg; height: 163.92 ± 4.89 cm; body mass in-
dex: 23.04 ± 1.74 kg/m2). The randomization sequence was generated electronically
(https://www.randomizer.org, accessed on 5 January 2021) and was concealed until the
interventions were assigned.

Moreover, a priori sample size calculation was performed using a free online tool,
G*Power (www.gpower.hhu.de, accessed on 3 January 2021), with a power level of 95%
and an α level of 0.05 and based on previous and similar studies [15]; it revealed that a
sample size of >36 would be sufficient for conducting a randomized controlled trial. The
sample group for this study was selected using the criterion sampling method, which falls
under the category of purposive sampling techniques [16]. The inclusion criteria for the
participants in this study were (i) being physically sedentary (not engaging in 150 min per
week of moderate-intensity exercise or 75 min per week of vigorous-intensity exercise or a
combination equivalent to these two different intensities); (ii) not presenting any injuries;
(iii) giving their consent; and (iv) participated in at least 90% of the training sessions during
the intervention.

Finally, the participants obtained information on the main objectives of the research
and signed the informed consent form. All the participants in this research were treated
according to the guidelines of the American Psychological Association (APA), and therefore
the anonymity of the participants’ responses was guaranteed. The study was carried out
in accordance with the ethical principles of the Declaration of Helsinki for research in
humans and was approved by the Research Ethics Committee of the Pontifical University
of Comillas (2021/85).

2.3. Procedures

The forty-eight physically sedentary women enrolled in this study visited the labo-
ratory twice, both for pre-test and post-test assessments, between 9:30 a.m. and 5:00 p.m.
During the pre- and post-assessments, the participants underwent a sub-maximal incre-
mental fitness test on a stationary ergometer. Adhering to the guidelines outlined by the
American College of Sports Medicine (2018), measures were taken to ensure the safety of
the physically sedentary women. Body mass, without shoes, was measured utilizing a
bioelectrical impedance analysis (BIA) device (Tanita BC-730) accurate to the nearest 0.1 kg.
Height was measured using a stadiometer (Type SECA 225, Hamburg, Germany) accurate
to the nearest 0.1 cm. Body mass index was computed as mass (in kilograms) divided by
the square of height (in meters).

All participants performed a sub-maximal incremental fitness test on a cycle ergome-
ter (Viasprint 150 P cycle-ergometer) connected to a Jaeger Master Screen gas analyzer.
Determination of the ventilatory anaerobic threshold (VAT) was based on the respiratory
gas exchange method (RER) (RER = CO2 production/O2 consumption), which detected
the VAT at the point at which RER exceeds the cut-off value of 1.0 [17], as well as the
obtained maximal oxygen uptake. First, an RS800CX Polar monitor (Polar Electro, Helsinki,
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Finland) was used to monitor and record the maximal heart rate (HRmax) during the pre-
and post-assessments. In this sense, the protocol consisted of a submaximal incremental
test with a fixed cadence of 60 revolutions per minute (rpm). The warm-up started at 0 W
and the workload was increased by 10 W every min until min 5. The participant began the
exercise phase pedaling at 50 W, and the workload was increased to 25 W every two min.
After each increase, the workload remained stable for the next 2 min. The submaximal test
ended once the VAT was reached. The highest power output (W) reached during the cycle
ergometer test was recorded. Finally, the highest power output reached was normalized by
the participant’s body weight (W/kg).

2.4. Training Program

The experimental group (EG) engaged in a 10-week online program, involving three
sessions per week. The sessions comprised high-intensity interval training (HIIT) following
the Tabata method, involving 4 min intervals with 8 intensive training blocks, each followed
by 1 min of recovery [18]. The exercises involved body weights and functional movements,
aligning with a protocol that demonstrated favorable outcomes in female university stu-
dents [8]. Notably, the last session of each week focused on continuous running, as outlined
in Table 2.

In the first month, they performed 20 s intervals of intense exercise with 10 s of recovery,
repeating this for 4 min. In the second month, they increased the technical difficulty of the
exercises and increased the volume of the sessions until they achieved 20 min of Tabata in
the last week of the intervention.

The HIIT sessions were carried out twice a week and their intensity was monitored
daily using the Borg’s Scale (6–20) of the rate of perceived exertion (RPE) [19]. Each
participant was asked, “How did you perceive exertion during the exercise execution?”.
The first four weeks had an RPE of 12–13, indicating a somewhat hard level. The following
four weeks were at an RPE of 15–16, signifying a hard level. In the last two weeks, the
RPE was 18–19, representing an extremely hard level. However, the HR was not monitored
during the intervention.

The participants were instructed to perform the exercise at their maximum exer-
tion while maintaining the correct technique. The structure of the session consisted of a
10–15 min warm-up, a 35 min main part, and a 10 min cooldown. On the third day of
each training week, the participants completed a moderate-intensity session outdoors,
combining continuous running with walking.

Table 2. Example of HIIT and running session and work set progression during the HIIT program.

Example of Weekly Session

1st Session 2nd Session 3rd Session

Exercises HIIT. Example 1 HIIT. Example 2 Running

1st Push-ups Jumping jacks 5 min of running at 65–75% HRmax

2nd Mountain Climbing Box squat 5 min of walking at 40–45% HRmax

3rd Forearm plank Bench step-ups 5 min of running at 65–75% HRmax

4th Dips using a bench or chair Deadlift w/elastic band 5 min of walking

Training progression during the HIIT program

Week Set/session Recovery between sets (s)

1st and 2nd 2 60
3rd to 5th 3 60
6th to 8th 4 60

9th and 10th 4 45
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Technical progressions in exercise complexity were systematically implemented
throughout the experimental period. The progression for push-ups involved starting with
hands against the wall, followed by positioning knees on the floor, and advancing to perform-
ing the exercise without resting the knees. Planks transitioned from forearms on the floor
to arms fully extended. Similarly, jumping jacks initially began as static and progressed to
dynamic, while squats advanced from using a box to incorporating a jump. This systematic
approach extended to all exercises. During the first two weeks of the intervention, the par-
ticipants followed an 8 min Tabata protocol, adhering to 20 s of intense exercise with 10 s of
recovery, repeated for 4 min. Subsequently, we systematically increased the Tabata duration
in the following weeks. More precisely, we implemented a progressive overload strategy
by incorporating an additional minute every two weeks. By the conclusion of the 10-week
intervention, the Tabata duration had reached a total of 20 min.

Due to the COVID-19 confinement regulations mandated by the Spanish government,
the training program had to be conducted inside participants’ homes, where the absence of
equipment led to the selection of calisthenics exercises.

2.5. Statistical Procedures

The data were analyzed using Statistica software (version 10.0; Statsoft, Inc., Tulsa,
OK, USA). Finally, the significance level was set at p < 0.05. Normal distribution and
homogeneity tests (Kolmogorov–Smirnov and Levene’s, respectively) were conducted on
all metrics. A paired sample t-test was used for determining differences as a repeated
measures analysis (pre and post). Cohen’s d was used as the effect size indicator. To
interpret the magnitude of the effect size, we adopted the following criteria: d ≤ 0.20,
small; d ≤ 0.50, medium; and d ≤ 0.80, large. To elucidate the between-group differences,
an ANCOVA test was performed using the pre-test as a covariate and the pre and post
times as factors. To interpret the magnitude of the effect size of ANCOVA, we adopted the
following criteria: ηp2 = 0.02, small; ηp2 = 0.06, medium; and ηp2 = 0.14, large.

3. Results

Descriptive statistics were calculated for each variable (Table 3). No significant baseline
between-group differences were recorded for all measurements (p > 0.05, d = 0.04–0.31).
Moreover, the adherence rate to the online HIIT program in the experimental group was
96.3% ± 2.2%, and no withdrawals were reported.

Table 3. Performance variables before (pre-test) and after (post-test) the intervention period
(mean ± SD).

Participants (n = 48)

Control Group (n = 24) Experimental Group (n = 24) Differences
Between Groups
(ANCOVA Test)Pre-Test Post-Test %

RM
t-Test (p)

Pre-Test Post-Test %
RM t-Test

(p)

Anthropometric measures

Weight (kg) 62.00 ± 6.65 62.53 ± 7.07 0.75 ± 2.89 p = 0.15
d = −0.08 61.16 ± 8.94 59.26 ± 8.73 −3.22 ± 1.98 p = 0.001 **

d = 0.41

F(1,47) = 1244.36;
p = 0.000;
ηp2 = 0.97

Body Mass
Index (%) 23.04 ± 1.74 23.24 ± 1.97 0.75 ± 2.89 p = 0.15

d = −0.11 22.69 ± 2.49 22.10 ± 2.47 −2.72 ± 1.98 p = 0.001 **
d = 0.24

F(1,47) = 685.01;
p = 0.000;
ηp2 = 0.35

Incremental test

VO2 max
(mL/kg/min) 20.17 ± 2.03 21.03 ± 2.59 3.37 ± 10.37 p = 0.08

d = −0.37 20.58 ± 3.65 24.67 ± 3.98 15.94 ±
12.08

p = 0.001 **
d = −1.07

F(1,47) = 32.38;
p = 0.000;
ηp2 = 0.42

Power
output
(W/kg)

1.52 ± 0.16 1.54 ± 0.12 1.18 ± 3.84 p = 0.20
d = −0.11 1.48 ± 0.26 1.73 ± 0.26 13.50 ±

11.72
p = 0.001 **
d = −0.96

F(1,47) = 43.21;
p = 0.000;
ηp2 = 0.49

Power
output (W)

94.71 ±
17.32

96.48 ±
15.04 1.90 ± 5.21 p = 0.10

d = −0.10
91.26 ±

23.11 102.92 ± 23.86 10.67 ±
12.57

p = 0.001 **
d = −0.50

F(1,47) = 148.58;
p = 0.000;
ηp2 = 0.77

Note: %: percent change; RM: repeated measures ** denotes significance at p < 0.01.
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Significant group*time interactions were observed through repeated measures AN-
COVA for weight (p = 0.001; ηp2 = 0.97), body mass index (p = 0.001; ηp2 = 0.35), VO2 max
(p = 0.001; ηp2 = 0.42), power output (W/kg) (p = 0.001; ηp2 = 0.49), and power output (W)
(p = 0.001; ηp2 = 0.87). In the EG, weight significantly decreased (p = 0.001; d = −0.96), while
the CG did not show a significant change (p = 0.15; d = −0.11) in body mass index. In terms
of VO2 max, the EG demonstrated significant improvement (p = 0.001; d = −1.07), while
the CG did not exhibit a significant change (p = 0.08; d = −0.37). A separate analysis of
power output (W) revealed a significant improvement in the EG (p = 0.01; d = −0.96), while
the CG did not show a significant change in power output (W/kg) (p = 0.20; d = −0.11).
Lastly, the analysis of the power output (W) showed there was significant improvement in
the EG (p = 0.001; d = −0.50), whereas the CG did not show a significant change (p = 0.10;
d = −0.10). Refer to Figures 1 and 2 for a graphical representation.

 
Figure 1. Pre- and post-tests anthropometrical measures (weight and body mass index) of CG and
EG. ** denotes significance at p < 0.01.
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Figure 2. Pre- and post-tests performance variables (VO2 max, power output (W), and power output
(W/kg)) of CG and EG. * denotes significance at p < 0.05. ** denotes significance at p < 0.01.
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4. Discussion

The purpose of this study was to investigate the impact of a 10-week online high-
intensity interval training (HIIT) program on body composition and aerobic performance
during the COVID-19 lockdown. The main evidence of the present study revealed that
significant reductions in body weight were observed after the 10-week HIIT program
compared to the CG. Moreover, there were significant improvements in aerobic fitness after
the HIIT program compared to the CG.

The results of the present study showed that online HIIT can be an effective stimulus
for weight loss and decreasing BMI. Significant weight loss (effect size: 0.41, moderate,
−3.22%) and a decrease in body mass index (effect size: 0.24, moderate, −2.72%) compared
to the control group. This aligns with recent studies reporting body composition improve-
ments within 8 weeks [8] and 15 weeks [20] of HIIT in sedentary young females. The
effectiveness of online HIIT in promoting weight loss and reducing BMI in our study may
be attributed to increased post-exercise energy expenditure. HIIT is known to induce excess
post-exercise oxygen consumption (EPOC), leading to elevated oxygen consumption and
calorie expenditure, contributing to a negative energy balance and, consequently, weight
loss [21]. Contrary to our findings, previous studies [22–25] reported no significant changes
in body weight, BMI, and body fat percentage after HIIT in sedentary young females.
Differences in participant characteristics and exercise program content (duration, frequency,
intensity, volume, and progression) could contribute to these varying results [25,26].

A 10-week online HIIT intervention led to significant improvements in VO2 max,
power output (W/kg), and power output (W) when compared to the control group. This
is in line with prior research, such as Lu et al. [8], that reported a substantial increase in
VO2 max (+18.8%) following an 8-week HIIT in sedentary young females. Another study
demonstrated noteworthy enhancements in VO2 max (approximately 22%) with cycling
HIIT performed for 18–30 min per week over 12 weeks [22]. Moreover, evidence suggests
that both low-volume (1 × 4 min treadmill running at 85–95% HRmax) and high-volume
HIIT (4 × 4 min treadmill running at 85–95% HRmax), executed thrice weekly over 6 weeks,
exhibit equal effectiveness in enhancing aerobic capacity (VO2 max) among sedentary
young women [15]. A systematic review and meta-analysis on adults indicated that short-
term HIIT (<12 weeks) and long-term HIIT (≥12 weeks) performed at least 3 times a week
for 12 weeks can result in an increased VO2 max. Additionally, the increase in aerobic
capacity was reported to be greater at longer training times [7]. Another meta-analysis
demonstrated that HIIT ranging from 2 to 8 weeks lead to a substantial increase in VO2 max
by 4.2–13.4% in healthy, sedentary/recreationally active adults, emphasizing its positive
impact on aerobic capacity [27]. A recent systematic review underscores that HIIT, with a
minimum of 4 weeks of exercise training (3 times per week, 18–30 min per session, 85–95%
HRR), is effective for augmenting maximal aerobic capacity in women with a sedentary
lifestyle [28].

Considering the above studies, it can be said that longer durations of HIIT are required
for greater improvements in VO2 max. However, it was observed that HIIT exercises for
2–12 weeks improved cardiorespiratory fitness or aerobic performance. In addition, in
our study, a 15.94% VO2 max increase was detected after 10 weeks of the HIIT protocol.
Our results are in agreement with previous studies, which indicated that improvements
of 9% to 13% were found in VO2 max following 8-week [29] and 12-week [30] HIIT pro-
tocols in sedentary individuals. Moreover, the observed improvement was attributed to
the training intensity, emphasizing that aerobic exercise intensity plays a pivotal role in
enhancing VO2 max. These findings underscore the significance of HIIT conducted at
higher training intensities, specifically within the range of 90–95% HRmax, for achieving
optimal training-induced enhancements in VO2 max, especially concerning age-related
considerations [22,29]. The considerable enhancement in VO2 max observed can be as-
cribed to the exercise intensity implemented in the HIIT program. Additionally, the existing
literature, which aligns with our study, highlights that individuals with a more sedentary
lifestyle exhibit the most substantial VO2 max response [22,28].
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Furthermore, previous studies have suggested several physiological mechanisms
underlying the improvement in VO2 max after HIIT. For instance, in one study, it was
suggested that the improvement in VO2 max or cardiorespiratory fitness after HIIT could
be associated with several central adaptations, such as increases in systolic volume and
cardiac output due to the increased cardiac contractility and oxygen availability. Also, it was
asserted that peripheral changes such as increased muscle oxidative potential, increased
skeletal muscle diffusion capacity, increased number and size of mitochondria, increased
mitochondrial enzyme activity, arterial vasodilation, increased nitric oxide bioavailability,
and reduced oxidative stress might be responsible for the improvement in VO2 max
following the HIIT intervention [22,31]. Moreover, in another study, it was stated that
HIIT-induced increases in VO2 max and improved maximal aerobic performance could
partly be explained by specific oxidative adaptations in type II fibers [27].

This study has some limitations that should be considered. The first limitation of
the study is related to the use of the cycle ergometer evaluation, which may not precisely
reflect the intensities prescribed for running and jumping exercises in the online high-
intensity interval training program. Secondly, it is important to acknowledge that relying
solely on participants’ RPE without concurrent heart rate monitoring introduces a potential
limitation. While RPE is a valuable subjective measure of effort, incorporating heart
rate data would have provided an additional objective parameter to quantify the actual
physiological intensity experienced by participants during each session. This absence of
heart rate monitoring restricts the precision of intensity characterization and may limit the
generalizability of our findings to a broader context where objective intensity measures
are commonly employed. Thirdly, we did not control for other influencing factors that
could influence our results. Furthermore, given that the sample consisted of sedentary
individuals, the outcomes may have been impacted by the duration of exercise progressions.
Therefore, future studies employing similar training protocols in sedentary populations
might benefit from extending the intervention period.

5. Conclusions

The present study aimed to analyze the effects of a 10-week online HIIT program on
body composition and aerobic performance during the COVID-19 lockdown. The main
findings showed that the 10-week online HIIT intervention yielded significant improvements
in maximum oxygen consumption and weight loss, and a noteworthy decrease in body mass
index among sedentary young females. These findings underscore the efficacy of HIIT as a
time-efficient strategy for enhancing both body composition and cardiorespiratory fitness in
sedentary women, even under limited circumstances such as a confinement period.
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Abstract: The postpartum period is marked by profound changes in women at physical, psychologi-
cal, and physiological levels. Many of these changes persist after four to six weeks postpartum, and
most women do not resume their levels of physical activity, which increases the risk of remaining
inactive for many years. It is crucial to implement effective programs that promote exercise during
the postpartum period. The objective of this study was to test the feasibility and analyze the effects
of a structured and supervised postpartum exercise program on maternal health and fitness param-
eters. To analyze the potential effects of the intervention, the level of physical activity, quality of
life, pelvic girdle and low back pain, fatigue, depression, and the level of functional and physical
fitness were assessed at baseline, after 8 weeks, and after 16 weeks of intervention. Feedback on
the exercise program was collected after the final assessment. The results showed that a structured
and supervised postpartum exercise program was feasible and safe and produced positive effects on
selected maternal health and fitness parameters. These results will encourage a study protocol with a
larger sample in order to prove its effectiveness, improve the guidelines for postpartum exercise, and
incorporate this program into a routine healthcare setting.

Keywords: exercise; physical activity; postpartum; exercise prescription

1. Introduction

After delivery and after completing the anatomical and functional changes of preg-
nancy, the reversal process begins. Many of the physiological and morphological changes
of pregnancy persist for four to six weeks after delivery [1]. The puerperium or postpartum
period can last up to a year and is marked by a great emotional vulnerability for the woman,
as it is a transition period. It implies profound changes at the physical, psychological, and
sociological levels. Some physical and psychological health conditions resulting from preg-
nancy persist after this period [1]. Among the most prevalent issues arising from pregnancy
are postpartum weight retention, musculoskeletal complications such as pelvic pain, low
back pain, abdominal diastasis, pelvic floor problems, and psychological complications
such as postpartum depression [2]. The benefits of exercise for the general population are
well known [3]; however, specifically for this period, the benefits include recovery from
childbirth, promotion of return to pre-pregnancy weight, reduced risk of developing future
chronic conditions of health, improvement of fitness parameters, interactions between
mother and baby, and social interactions [4]. In addition to these benefits, recent systematic
reviews have shown that exercise in the postpartum period is effective in weight loss [5]
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and in reducing symptoms of depression [5–9], musculoskeletal disorders [10,11], and
fatigue [12].

The U.S. Department of Health and Human Services (USDHHS) [13], the World Health
Organization (WHO) [14], and the American College of Sports Medicine (ACSM) [15] issued
guidelines on physical activity and sedentary behavior for postpartum women, reinforcing
the need for national policies to include and monitor this subpopulation. Specific guide-
lines for physical activity during the postpartum period are embedded in the documents
supported by the American College of Obstetricians and Gynecologists (ACOG) [1], the
Brazilian Society of Cardiology (SBC) [16], and Sports Medicine Australia (SMA) [17].
One consensus paper supported by the International Olympic Committee (IOC) addresses
exercise and postpartum in recreational and elite athletes [2]. Since these international
guidelines refer to the late postpartum and lack specific content regarding the imple-
mentation of postnatal exercise programs, an updated textbook chapter about “Exercise
Prescription and Adaptations in Early Postpartum” [18] was previously published.

Even so, there is a lack of public health policies related to exercise in both early and late
postpartum periods, as well as a scarcity of studies in this area. Moreover, it is important to
understand and implement effective strategies that promote exercise during the postpartum
period.

Considering the importance of exercise in the postpartum period, the characteristics
of women in this period, and the recommendations of the main international organizations,
a specific exercise program was developed and validated [19].

The aim of this pilot study was to test the feasibility and analyze the effects of the
“Active Mums” postpartum exercise program on maternal health and fitness parameters.

2. Materials and Methods

2.1. Participants

The sample consisted of Portuguese postpartum women.
Participants were recruited through social networks (Facebook and Instagram), as well

as for convenience. The inclusion criteria were postpartum women between 18 and 45 years
old, with no medical contraindications for the practice of physical exercise, and understood
the Portuguese language. Exclusion criteria were any medical contraindications for physical
exercise. During the recruitment stage, it was explained that the exercise program could be
performed in person or online, according to their residence.

2.2. Equipment and Materials

To implement this exercise-based intervention aimed at improving a comprehensive
set of maternal health and fitness parameters, the following equipment and materials were
used to support the promotion and planning of the program, to implement the program,
and to collect and process data. These tools were chosen because they may comprehensively
evaluate outpatient postpartum recovery.

Planning of the program:

• Informed consent.
• Participant’s form with sociodemographic and clinical information.
• Checklist and individual registration sheets.
• Computer to insert and analyze data.

Collecting and analyzing health, physical activity, and quality of life parameters:

• Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) [20], adapted to
Portuguese [21].

• International Physical Activity Questionnaire (IPAQ) [22], adapted to Portuguese [23].
• World Health Organization Quality of Life Questionnaire (WHOQOL-Bref) [24],

adapted to Portuguese [25].
• Pelvic Girdle Questionnaire (PGQ) [26], adapted to Portuguese [27].
• Roland-Morris Disability Questionnaire (RMDQ) [28], adapted to Portuguese [29].
• Fatigue Assessment Scale (FAS) [30], adapted to Portuguese [31].
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• Edinburgh Postpartum Depression Scale (EPDS) [32], adapted to Portuguese [33].
• Blood pressure and resting heart rate, using monitors [34].
• Body Mass Index (BMI), using a scale and a stadiometer [34].
• Waist-hip ratio, using a tape measure [34].
• Body composition, using a TANITA RD 545 Bioimpedance scale [34].

Collecting and analyzing functional and fitness parameters:

• Postural assessment [34], using a camera.
• Battery of functional tests [35–37], using a mattress, chair, measuring tape, and a stick.
• Cardiorespiratory fitness, using a treadmill and a heart rate monitor [38,39].
• Muscular resistance, using a mattress and a chair [40].
• Flexibility, using a mattress and a measuring tape [41].

Implementation of the exercise program:

• Sports equipment used in exercise sessions: mattresses, Swiss balls™, elastic bands,
free weights, kettlebells, TRX™, softballs, ergometers, pulleys.

• Computer for online provision of exercise sessions.

Promotion of the exercise program

• Support exercise manual [42]
• Free download guides “Active Pregnancy Guide-Physical activity, nutrition, and

sleep” [43] (also available in English [44]) and “Promotion of physical activity and
exercise during pregnancy and postpartum. Health professionals guide” [45] (also
available in English [46]), and free access videos posted on the YouTube channel
“Gravidez Ativa–Active Pregnancy”: https://www.youtube.com/channel/UC0Vyo
okwc0mcQ5T70imtoNA/playlists (accessed on 21 September 2023).

2.3. Intervention Program

The postpartum exercise program consisted of a supervised, personalized training
program carried out in-person or online, individually or in small groups of up to four
participants. Each participant was invited to attend 3 of the available exercise sessions
per week for 16 weeks (48 sessions in total). The exercise program was periodized into
3 weekly sessions of 60 min, referring to 3 mesocycles: adaptation (first two weeks),
improvement (six to eight weeks), and maintenance. A typical 60 min session includes
low-impact cardiorespiratory training, postural and functional/resistance training (core,
lower and upper limbs, back), neuromotor training (balance and coordination), pelvic
floor muscle training, and stretching, breathing, and relaxation exercises. However, the
exercises are personalized, considering the needs and specificities of each woman, especially
taking into account the type of birth, the early postpartum stage (0–6 weeks), and the late
postpartum stage.

The intervention program is described in the study “Development and Validation
of the Physical Exercise Program “Active Mums” for Postpartum Recovery. Qualitative
study with application of the CReDECI-2 Guidelines” [19], and in the exercise manual
“Prescription of Physical Exercise in the Postpartum Period” [42].

2.4. Tasks, Procedures and Protocols

For the promotion and implementation of the exercise program, the following proce-
dures were followed.

Before the intervention:

• Preparation and promotion of the educational materials [42–46].
• Training qualified exercise professionals [47].
• Preparation of the physical practice space: authorization request to the person respon-

sible for the “Lateral Performance” training space to carry out the program, as well as
the use of the respective equipment.

• Promotion of the exercise program on social networks (Facebook and Instagram).
• Recruitment of participants by completing an online form.
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• Explanation to the participants about the objective and pertinence of the study and
the importance of their collaboration and availability in this research.

• Informed consent: statement informing the study objectives, information about the
assessment sessions, confidentiality, participation and abandonment, damages related
to the investigation, exclusion criteria, and disclaimer.

• Medical clearance for the postpartum exercise program.

Initial assessments at baseline:

• Initial individual interview to fill out the participant form to obtain sociodemographic
and clinical information, as well as potential barriers and preferences regarding the
intervention.

• Measurement of parameters of physical activity, quality of life, health, physical fitness,
and functionality (between 6 and 8 weeks postpartum).

• Measurement of blood pressure and resting heart rate, as well as calculation of reserve
and maximum heart rate.

• Assessment of BMI and body composition.
• Measurement of waist and hip perimeters, calculation of the waist-hip ratio.
• Postural assessment, with static observation of the anatomical references in the frontal

and sagittal planes, verifying the symmetry in relation to the imaginary midline and
photographing the same.

• Application of some tests from the Battery of Functional Aptitude Tests Dynamic Neu-
romuscular Stabilization (DNS), namely the seated diaphragm test, intra-abdominal
pressure test, quadruped rockforward test, and qualitative recording of the results.

• Application of some tests from the Battery of Functional Aptitude Tests Functional
Movement Screen™ (FMS™), such as shoulder mobility, active straight leg raise, deep
squat, rotary stability, and qualitative recording of results and scores.

• Assessment of cardiorespiratory fitness using the Rockport One-Mile Fitness Walking
Test and recording time, heart rate, and calculation of maximum oxygen consumption
(VO2max).

• Assessment of muscular endurance, counting the maximum number of arm extensions
(push-ups) and applying the “Chair Stand Test,” registering the maximum number of
repetitions in 30 s.

• Assessment of flexibility, with the “V-sit and reach test.”
• Intermediate (after 8 weeks) and final assessment (after another 8 weeks):
• Assessment of parameters of physical activity, quality of life, health, physical fitness,

and functionality.

After the final assessment:

• A form was sent to participants to collect feedback on the level of satisfaction with the
exercise program, containing the following questions inspired by Haakstad et al. [48]:

1. Level of satisfaction with the program.
2. Level of satisfaction with the instructor.
3. Do you consider that exercise in a group environment was/would be more

motivating than if it were individual?
4. In what parameter (s) did you feel improvements in terms of your physical

fitness?
5. Have you changed your physical activity levels?
6. Do you feel more energy for daily activities and less stress?
7. Would you recommend this program to a friend?
8. Would you participate in the program again after another pregnancy?
9. Would you like to leave other comments?

2.5. Data Processing

Data were recorded in Excel, where descriptive statistics were performed.
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2.6. Ethical Considerations

A group of healthy postpartum women was invited to participate in the pilot inter-
vention free of charge. Participants were informed about the purpose and nature of the
study, the potential benefits for future programs, participation requirements, and their
right to withdraw from the study. They were free to provide feedback or not, without any
consequences, and their feedback was anonymous. All women were informed and agreed
to participate in the program, in physical and functional assessments, and in assessments
by questionnaires. An informed consent was signed prior to participation. The educational
materials produced by the research team were made available to the participants free
of charge.

All exercise sessions and assessments were conducted by a qualified exercise phys-
iologist. All clinical appointments were conducted by a gynecologist. The study was
conducted in accordance with the Helsinki Declaration. This study is part of the study
protocol that has been approved by the Ethics Committee of the Polytechnic Institute of
Santarém, Portugal (approval number 9-2021-ESDRM).

3. Results

3.1. Participants Characterization

The sample consisted of 11 Portuguese postpartum women. At the beginning of the
program, 8 of them were between 6 to 8 weeks postpartum, and 3 of them were between 9
and 12 weeks postpartum, aged between 24 and 37 years old (mean age of 31 years). Two
participants had a cesarean delivery by medical decision, while the remaining nine had
vaginal deliveries, with two using suction cups. Eight women were primiparous, while
the other three were multiparous. Nine women were residents in Leiria, Portugal, and
carried out the program in person at the Lateral Performance training studio in Leiria,
while the rest were residents in Alcochete and in Pombal, attending the online program but
making themselves available to do in-person assessments. They were all married or in a
relationship. Regarding the education of the participants, nine had higher education, and
two had completed high school.

Except for one participant, all women in the sample practiced regular exercise before
pregnancy (e.g., bodybuilding, group classes, handball, personalized training). During
pregnancy, only seven women exercised (e.g., walking, personalized training for pregnancy,
group classes, Pilates), and before starting the program, only one declared that she practiced
exercises at home. As for the pre-gestational Body Mass Index (BMI), the values varied
between 20.8 and 34.4 kg/m2 (mean of 25.2 kg/m2), with three women being overweight
and one obese. Self-reported maximal gestational weight gain ranged from 8 to 25 kg (mean
of 20.2 kg).

3.2. Level of Physical Activity, Quality of Life, and Other Health Parameters

Table 1 contains the results obtained at the three collection times.

3.2.1. Level of Physical Activity

Before starting the program, the mean of habitual physical activity of the group was
559 min/week. After eight weeks, it increased to 810 min/week, and at the end of the
program, it increased to 1127 min/week. This trend was expected since it includes the
time spent on the exercise program. The section in which the most time was spent in a
normal/usual week was “Housework, House Maintenance, and Caring for Family,” with a
weekly mean of 327 min before the start of the program, rising to 676 min in the second
evaluation and ending with 504 min.
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Table 1. Results obtained at the three collection times.

1 (Baseline)
Before the Intervention

2 (Intermediate)
After 8 Weeks of Intervention

3 (Final)
After 16 Weeks of Intervention

Mean
Standard
Deviation

Mean
Standard
Deviation

Mean
Standard
Deviation

IPAQ (min/wk) 559 ±520 810 ±1171 1127 ±669
WHOQOL-BREF (0–100) 79.54 ±8.42 80.63 ±9.59 82.17 ±9.71

PGQ (0–75) 5.8 ±7 1.5 ±3.2 0.4 ±0.7
RMDQ (0–24) 1.2 ±1.7 1.4 ±1.7 1 ±1.4
FAS (10–50) 22.4 ±5.4 21.6 ±5.4 21.6 ±5.4
EPDS (0–30) 6.3 ±3.7 5 ±3 5 ±3
Weight (Kg) 68.95 ±13.83 68.4 ±14.88 67.1 ±15.18

BMI (Kg/m2) 26.8 ±4.67 26.5 ±5.02 26.1 ±5.17
Waist-hip Ratio 0.8 ±0.05 0.8 ±0.06 0.79 ±0.06

Fat Mass (%) 34.7 ±5.59 33.5 ±6.3 28.3 ±10.3
Muscular Mass (Kg) 42.18 ±5.6 42.55 ±5.84 43.08 ±6.17

SBP (mmHg) 107.33 ±9.90 100 ±8.51 97.78 ±9.56
DBP (mmHg) 71.33 ±4.95 68.44 ±4.33 68.11 ±6.27

Rest HR (beats/min) 76 ±16.16 74.89 ±14.59 74.89 ±11.34
VO2max (mL/kg/min) 29.39 ±7.08 31.93 ±4.53 37 ±6.24

Push-ups (number) 16 ±9.88 19 ±8.25 25 ±11.41
“Chair Stand Test” (number) 14 ±2.38 16 ±1.85 19 ±3.38

“V-Sit and Reach” (cm) 43 ±7.04 45 ±7.09 47 ±7.73

When analyzing the sections separately, it was observed that “Job-related Physical
Activity” is the section to which the participants did not dedicate any time since they were
all on maternity leave, a situation that remained similar until the end of the program.

In the “Transportation Physical Activity” section, it was observed that, initially, four
participants did not use physical activity as a means of transport to move from one place to
another, while the rest used walking as a means of transport. There was a similar situation
in the remaining evaluative moments. Despite this, there was an increase in the weekly
travel time from 127 to 193, ending at 180 min.

In the physical activities carried out in the “Housework, House Maintenance, and
Caring for Family” section, it was found that only one participant did not perform such
activities, with a minimum duration of ten continuous minutes, while the rest were dedi-
cated to domestic tasks with moderate intensity, before starting the program. This situation
was not maintained, with all participants starting to carry out these moderate activities and
increasing their weekly means, as already mentioned.

Regarding the section that considers “Recreation, Sport, and Leisure-time Physical
Activity,” it is noteworthy that only three of the participants did not perform these activities
weekly with a minimum duration of 10 continuous minutes before the exercise program,
totaling a mean time weekly of 106 min. Walking was the physical exercise adopted during
their free time, with only one participant who revealed that she performed moderate and
vigorous activities. In the second evaluation, and considering that they participated in the
exercise program, the same section started to present 289 min/week of physical activity. At
the end of the program, the participants stated that they had performed a mean of 443 min
of physical activity per week, thus quadrupling their initial value.

The “Time Spent Sitting” section is related to the time that the participants remain
seated during the week and at the weekend. All participants in this study spent a lot of time
in the sitting position during the week and on the weekend before starting the program,
but during the weekend, the mean was 324 min/day, while during the week, the mean
was 345 min/day. In the next evaluation, the mean time for each one decreased to 257 and
197 min/day, respectively. The downward trend continued, and after the program, the
participants reported a mean of 165 min/day on the weekend and 156 min/day during the
week. Thus, on weekends, the time spent sitting was greater than on weekdays.
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3.2.2. Quality of Life

In this parameter, there was no change between domains through the WHOQOL-Bref
analysis. Before starting the program, the highest score in terms of quality of life, from 0
to 100, was observed in the social relationships domain (81.98 ± 10.42), followed by the
environment domain (81.3 ± 11.6), the physical domain (79.4 ± 6.45), and the psychological
domain (75.4 ± 12.4). The general mean was 79.54, indicating that the participants have a
good quality of life. In the following evaluation, the domain with the highest score was the
psychological (82.4 ± 10.1), followed by the physical domain (81.2 ± 9.15), the environment
domain (80.8 ± 12.7), and the social relationships domain (78.1 ± 9.99), inverting the
disposition of the first evaluation and achieving an overall mean of 80.6. At the end of the
program, it was again the psychological domain that obtained the highest score (86 ± 9.74),
followed this time by the social relationships domain (82.66 ± 12.27), the environment
domain (80.28 ± 11.97), and the physical domain (79.72 ± 9.74), indicating an improvement
in almost all domains compared to the first assessment. Thus, the mean was 82.17 (±9.71).

In the initial assessment, when asked about their quality of life, most participants
(91%) reported that it was “good.” There was a similar situation in the following evaluative
moments. As for satisfaction with their health, most participants (91%) reported being
satisfied, a trend that continued until the end of the program.

3.2.3. Pelvic Pain and Low Back Pain

Regarding pelvic pain, with the application of the PGQ, a large difference was noted
among women, ranging from zero (four participants) to 18 points (out of a possible 75),
with a mean of 5.8 (±7). None of the participants reported a critical situation. There was
a significant improvement in the intermediate evaluation, reaching a mean of 1.5 (±3.2),
in which six participants no longer had pain. At the end of the intervention, pelvic pain
became almost non-existent, having had a mean of 0.4 (±0.7), with only two participants
reporting some type of pain.

As for low back pain, with the application of the RMDQ, no differences were reported
during and after the exercise intervention. The initial mean score before starting the exercise
program was only 1.2 (±1.7) out of 24, with five women not reporting any type of pain in
the daily activities described, and the maximum score obtained was 5. Similar scores were
reported in the following evaluations.

3.2.4. Fatigue

In the FAS questionnaire, each item is evaluated on a five-point Likert scale, where
1 corresponds to “never,” and 5 corresponds to “always,” ranging from 10 points (less
fatigue) to 50 points (more fatigue). Before starting the program, the mean was 22.4 (±5.4).
In the following evaluations, the mean slightly decreased to 21.6 (±5.4). These FAS scores
indicated that women were not very fatigued in any of the evaluation moments.

3.2.5. Depression

Before starting the program, in accordance with the EDPS, only two participants
reached a score equal to or greater than 12, which is considered a risk factor for the onset of
postpartum depression, according to Cox et al. [32]. The other women had scores between
two and eight, considered within the normal range, thus indicating a lower risk for the
onset of postpartum depression. The baseline mean was 6.3 (±3.7). In the following
assessments, the mean decreased to 5 (±3); therefore, none of the participants presented a
risk of postpartum depression since the maximum score was eight.

3.3. Functional and Health-Related Components of Physical Fitness
3.3.1. Body Composition

There was no change in the mean values of postpartum body weight between the first,
second, and last evaluations. Of the participants in this study, five were overweight, while
in subsequent assessments, there were only four, according to the BMI classification. Thus,
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their mean BMI at baseline was 26.8 kg/m2 (±4.7), decreasing to 26.5 kg/m2 (±5.0) after
8 weeks and ending with 26.1 kg/m2 (±5.2).

Regarding other anthropometric variables, such as waist and hip perimeters and their
respective ratios, all participants showed differences in the different assessments, losing a
mean of 4.1 cm in the waist from the initial assessment to the second and losing a mean
of 1.6 cm from the second to the last assessment. In the hip perimeters, the differences
between the initial and the following evaluations were smaller, with a mean loss of 3.3 cm,
and the same trend continued for the following evaluation, with a mean loss of 3 cm. In
this way, the waist-hip ratio did not suffer major changes, with only one person having a
ratio greater than 0.85 and maintaining it until the end of the program.

Regarding the body composition variables assessed by bioimpedance, it is important
to highlight the percentage of fat mass and muscle mass. The percentage of fat mass
registered favorable differences in the different evaluations, showing mean values of 34.7%
(±5.6) at the initial moment, changing to 33.5% (±6.3) in the intermediate evaluation and
ending with 28.3% (±10.3). Muscle mass, on the other hand, registered an increasing trend
in the different evaluations, initially having a mean of 42.2% (±5.6), 42.6% (±5.8) in the
second evaluation, and ending with 43.1% (±6.2).

3.3.2. Cardiorespiratory Fitness

Regarding blood pressure, all participants showed normal values [15]. However, we
noticed an apparent decrease in mean values throughout the program, both in Systolic
Blood Pressure (SBP) and Diastolic Blood Pressure (DBP).

As for mean rest heart rate, there was a slight decrease from the first to the second
assessment and maintenance between the second and the last assessment.

The Rockport 1-mile fitness walking test was used to assess aerobic fitness. The
predicted VO2max values in the initial evaluation had a mean of 29.4 (±7.1) mL/kg/min, a
value considered “average” for this age group, according to the ACSM [15]. In the second
evaluation, the mean value of predicted VO2max increased to 31.9 (±4.5) mL/kg/min,
considered “good,” and in the last evaluation, the mean increased to 37 (±6.2) mL/kg/min,
reaching the threshold of “excellent”.

3.3.3. Muscular Endurance and Flexibility

The participants performed arm extensions until they were unable to perform more
executions or until they lost body alignment. The mean of push-ups before starting the
program was 16 (±9.9) repetitions. In the following evaluation, the mean was 19 (±8.3)
repetitions, ending, in the final evaluation, with 25 (±11.4) repetitions. The “Chair Stand
Test” was performed for 30 s, obtaining means of 14 (±2.4), 16 (±1.9) and 19 (±3.4) repe-
titions, respectively. In the “V-Sit and Reach” test, the participants performed a mean of
43 (±7.0) cm, 45 (±7.1) cm, and 47 (±7.7) cm in the first, second, and third evaluations,
respectively.

These scores are considered “normal” for this age group.

3.3.4. Postural Assessment

A qualitative postural assessment was performed. In the postural analysis, in the ante-
rior view, the puerperal women presented a good alignment of the anatomical references
in the initial evaluation. Regarding the position of the visually evaluated body segments,
the majority of the participants had the head aligned, knees and iliac crests aligned, and
feet supinated. Most of them also had a smaller earlobe-shoulder distance on the side of
their dominant hand. In the following evaluations, the postural pattern was maintained.

In the sagittal plane, in the initial evaluation, most of the participants had a forward
head, cervical lordosis, protruding shoulders, hyperkyphosis, lumbar hyperlordosis, hip
joint in anteversion, knees in hyperextension, and misaligned external malleoli. In this
plane, several differences were noticed in the following evaluations, and most participants
(91%) ended the program with the head aligned, the neck normal, the shoulders normal,
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without hyperkyphosis, lumbar spine and iliac crest normal, coxo-femoral joint normal,
and knees and malleolus external aligned.

3.3.5. Functional Assessment

A qualitative DNS functional assessment was performed. In the “Seated Diaphragm
test,” the women had the ability to expand the abdominal wall and perform a symmetrical
activation without elevating the ribs and shoulders and without losing the verticality of the
spine. A similar situation was observed in the following evaluations.

Regarding the “Intra-abdominal Pressure test,” in the initial evaluation, most partici-
pants (64%) presented a hyperextension of the lumbar area, as well as a weak activation
of the abdominal wall with bulging and a slight diastasis of the rectus abdominis. In the
following evaluation, only three women had the same condition. At the end of the program,
all participants performed correct activation of the abdominal wall and stabilization of the
lower back.

Regarding the “Quadruped Rockforward test,” in the initial evaluation, most of the
participants (82%) presented a cervical hyperextension, bringing the head to reclining, an
unequal load of the palms of the hands, a scapular elevation, and anterior pelvic inclination.
In subsequent evaluations, all participants were able to activate their abdominal, back,
diaphragm, and pelvic muscles, straightening their spine.

Qualitative and quantitative FMS functional assessment was performed. Regarding
the “Shoulder mobility test,” in the initial evaluation, the wrists of most women were at
a mean of 8.5 cm apart on the right and 12.8 cm apart on the left, changing to 6.3 and 9.4,
respectively, and then to 6.3 and 8.3. They did not report any pain.

In the “Deep Squat test,” six women (55%) were able to perform the movement without
a plate, with the hips parallel, the tibia and trunk parallel, the knees aligned over the toes,
symmetrical, without noticeable lumbar flexion, without the feet turning externally, without
taking the heels off the ground and without pain; two performed the movement with pain.
In the following evaluation, only one participant could not perform the movement correctly,
and none of them had pain. A similar situation was observed in the final evaluation.

In the “Straight leg raise test,” only one woman was unable to perform the correct
movement. All the others were able to perform the movement, keeping the opposite hip
neutral, the toes pointed upwards, the opposite knee in contact with the board, and without
pain. A similar situation is in the following evaluations.

In the rotary stability test, most women performed the exercise with the spine parallel
to the plate, hips parallel to the floor, knees and elbows aligned with the plate, the support
ankle dorsiflexed, touching the elbow to the knee, and without pain, but only contralateral.
At the end of the program, only one participant managed to do homolateral.

3.4. Satisfaction with the Program

As for the level of satisfaction with the program, 91% of the participants reported
being very satisfied, while one reported being satisfied. All participants reported being
very satisfied with the exercise professional. In total, 45% agreed that it is more motivating
to exercise in a small group than in an individual setting, while 45% strongly agreed and
one did not agree. All participants reported an improvement in their physical fitness,
namely in terms of strength (81.8%), cardiorespiratory fitness (54.6%), flexibility (36.4%),
posture (81.8%), body composition (72.7%), and balance and coordination (45.5%). 91%
of women reported increased levels of physical activity, while one reported that she was
equally active. All participants felt more energy for daily activities and less stress, reporting
that they would recommend the training program and confirming their participation in a
possible future postpartum period. There were no substantial differences in the opinions
and level of satisfaction between online and in-person participants.
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4. Discussion

The aim of this pilot study was to test the feasibility and analyze the effects of the
“Active Mums” supervised postpartum exercise program on selected maternal health and
fitness parameters.

At the psychological level, it is known that postpartum depression is experienced by
approximately 20% of women; however, up to 50% of women experience high levels of
depressive symptoms during this period [49]. When analyzing the depression results, we
found that, initially, only two women scored levels that could be related to postpartum
depression, a situation that, over the course of the program, disappeared. These results are
in accordance with Carter et al. [8], who demonstrated that exercise is effective in reducing
symptoms of depression in postpartum women.

The systematic review of Wilson et al. [50] concluded that there is a strong correlation
between fatigue and depressive symptoms among women in the first two years after
childbirth. However, our study did not confirm this outcome, as apparently, the levels of
fatigue were higher than those on the depression scale, in addition to the fact that there were
no significant decreases throughout the program, as we found on the scale of depression.

When analyzing the pain level of the participants through the RMDQ and the PGQ, we
verified that in the first one, no differences were observed between the different evaluations
and that the mean found was 1 in relation to the scores of functional capacities in the
RMDQ, which can range up to 24. This situation led us to question the validity of the
RMDQ in the immediate postpartum period. In the PGQ, although the participants did not
appear to have a high degree of disability, some women reported pelvic pain in the initial
evaluation, which decreased throughout the program until becoming scarce at the end of
it. These results are in line with existing literature that has reported a positive association
between exercise and decreased pain in the lumbar and pelvic region [50–52].

In the current literature, there is a correlation between postpartum depression and
quality of life [53,54]. The results of the WHOQOL-Bref showed that most of the women
participating in this study had a good quality of life right from the start and that it continued
to improve throughout the program, as happened with the symptoms of depression,
apparently supporting this correlation. Our results also support the findings of Yang and
Chen [55] regarding the impact of an exercise program on fatigue.

Regarding the physical parameters, with regard to changes in body mass and BMI, we
found that there was a decrease in values, with almost half of the participants returning to
pre-pregnancy values. These results were not expected, according to Meyers and Hong [56],
who concluded that exercise had no significant effect on weight loss in the short or long
term in breastfeeding women. The same study [56] also reported findings about exercise
and body composition, with exercise reducing body fat and preserving fat-free mass.

In this pilot study, there was a loss of fat mass of about 1.2% after 8 weeks and about
6.4% after 16 weeks of intervention, and an increase in muscle mass of 0.4% in the second
evaluation and 0.9% after 16 weeks of intervention, which may explain the slight loss of
body weight throughout the program. The outcome of the four participants who were
still overweight at the end of the program was related to gestational weight gain, which
was higher than the recommendations based on pre-pregnancy BMI, according to the
Institute of Medicine. However, Dalfra et al. [57] suggested that appropriate gestational
weight gain should be personalized considering the three obesity classes. As for the other
anthropometric measures used, such as waist circumference, these showed a decrease by
the end of the program. The waist-hip ratio shown before the start of the program was
within healthy values, except for one participant, and this ratio remained unchanged until
the end of the program.

All the changes already mentioned can be potentially explained by the exercise pro-
gram implemented and the consequent increase in physical activity. Despite the fact that
postpartum women are still recommended not to perform physical activity during the
puerperal period, as confirmed by the participants of the program, the results of the level
of physical activity using IPAQ were positive. Thus, the level of physical activity before
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starting the program was very low, limited to “Housework, House Maintenance, and
Caring for Family.” Regarding the mean time spent per week on physical activity, there was
an exponential increase from that initial period until the end of the program in the sections
“Housework, House Maintenance, and Caring for Family” and in the section “Recreation,
Sport, and Leisure-time Physical Activity.” “Sitting time” is an indicator of a sedentary
lifestyle in IPAQ, having decreased throughout the program, both during the week and
at the weekend. Thus, our participants progressively met the recommendations of the
WHO [14] and ACOG [1], which include: postpartum women should start by doing small
amounts of physical activity and gradually increase frequency, intensity, and duration over
time; performing at least 150 min of moderate-intensity aerobic physical activity during
the week, as well as incorporating a variety of aerobic and muscle-strengthening activities;
adding gentle stretching may also be beneficial; and limiting the amount of time being
sedentary. Therefore, our program seemed to positively influence the physical activity
habits of these participants in their daily lives.

In terms of musculoskeletal parameters, postpartum postural analysis proves to be
extremely important, as postural changes are frequent among puerperal women, both
due to the gait biomechanical compensations during pregnancy [58–60] and potentially
due to the tensions and overloads generated with the baby care and breastfeeding. In our
study, before starting the program, all mothers presented a similar postural profile, with
changes in pelvic tilt and lumbar and thoracic curvatures being the most noticeable, in line
with the study by Gilleard et al. [61]. Biviá-Roig et al. [62], when analyzing the lumbar
curvature in pregnant, non-pregnant, and postpartum women, hypothesized that it is the
muscular responses, and not the curvatures, that are altered by pregnancy. This finding
may encourage further research on whether the increase in tension in the pelvic muscles
is due to the progressive displacement of the center of gravity during pregnancy and the
abdominal weakness due to the diastasis of the rectus abdominis.

Postural compensations resulting from the dominance of the upper limb were also
noted, such as a rise in the shoulder on that side in the frontal plane. During the program,
strengthening and/or stretching exercises were used and combined, which made it possible
to notice great postural differences at the end of the program. Before starting the program,
such postural and muscular weaknesses were noticed when the DNS and FMS™ functional
tests were applied. At the DNS level, before starting the program, the greatest fragility
was noted in the abdominal muscles, while in the FMS™, weaknesses and asymmetries in
movement were noted. After a qualitative analysis of the same, we concluded that there
was a very positive progression in the functionality of the participants, mainly between the
first and the second evaluations. Flexibility exercises can also improve postural stability,
especially when combined with resistance exercises. In this line, these types of exercise
were inserted into the program, and the respective assessments were made, leading to
positive outcomes in flexibility and muscular resistance. This observation may encourage
further research regarding the effectiveness of neuromotor exercise and the inclusion of
this type of exercise in the guidelines for exercise prescriptions for postpartum women.

The functional state of the respiratory, cardiovascular, and musculoskeletal systems
depends on cardiorespiratory fitness, which is related to health [15]. The cardiorespiratory
fitness of the participants obtained very positive results, progressing from an “average” con-
dition in the initial assessment to an almost “excellent” condition at the end of the exercise
program, according to the ACSM’s VO2max classification [15]. In short, it was demonstrated
that the fitness parameters showed an improvement, which is consistent with the available
research regarding the importance of exercise programs for the postpartum period.

As for satisfaction, it was evident that the program met or exceeded the participants’
expectations, emphasizing the importance of group sessions, the improvement of physical
fitness, and the satisfaction with the exercise professional. The levels of satisfaction high-
light the importance of the supervision of pre and postnatal exercise programs by qualified
exercise professionals, preferably involved in multidisciplinary teams [63]. Supervision
of exercise programs is recommended to ensure proper technique, provide confidence,
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and ensure the progression of appropriate levels of intensity and complexity. The exer-
cise professional should provide regular feedback, positive reinforcement, and behavioral
strategies to enhance adherence. The exercise professional should also provide the safest
possible training and testing environment, prevent exercise-related emergencies, and be
familiar with the safety and emergency procedures available at the fitness setting where
the exercise program is delivered.

Regarding the feasibility of the postpartum exercise program both in person and online,
it was demonstrated to be safe, tailored, motivating, and a contribution to improving the
quality of life, functional capacity, and physical fitness of postpartum women, as shown
by either qualitative or quantitative tools such as questionnaires and physical fitness tests
performed. These results will encourage a study protocol with a larger sample in order to
prove its effectiveness and incorporate this program into a routine healthcare setting.

The main limitation of this study is the small number of participants, preventing
extrapolating conclusions, and the non-use of inferential statistics to support the observed
trends. Moreover, it is recognized that there are various methodological and ethical con-
straints when working with this population, as well as a lack of validated tools. As for
strengths, we highlight the real context approach used, that is, the implementation of an
exercise intervention, combining the advantages of a program for a specific population
with the effectiveness of controlled exercise and a progressive stimulus adapted to the level
of physical fitness of each participant, guaranteeing their adherence. Due to the number of
variables that are involved, this pilot test involves a complexity that can provide guidelines
for the preparation of an intervention study protocol with a larger sample.

5. Conclusions

This pilot study allowed us to test a tailored supervised postpartum exercise pro-
gram performed for 16 weeks. This postpartum exercise program was feasible, safe, and
motivating and contributed to improving selected parameters of quality of life, physical
activity, health, functional capacity, and physical fitness of postpartum women. These
results provided guidance to develop a study protocol with a larger sample in order to
prove its effectiveness, improve the guidelines for postpartum exercise, and incorporate
this program into a routine healthcare setting.
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Abstract: International students have the special status of being isolated in a foreign country during
a pandemic. As Korea is a worldwide leader in education, it is important to understand the physical
exercise behaviors of international students during this pandemic to assess the need for additional
policies and support. The health belief model was used to score the physical exercise motivation
and behaviors of international students in South Korea during the COVID-19 pandemic. In total,
315 valid questionnaires were obtained and analyzed for this study. The reliability and validity of the
data were also assessed. For all variables, the values for combined reliability and the Cronbach’s α
were higher than 0.70. The following conclusions were drawn by comparing the differences between
the measures. The results of the Kaiser–Meyer–Olkin and Bartlett tests were also higher than 0.70,
confirming high reliability and validity. This study found a correlation between the health beliefs of
international students and age, education, and accommodation. Consequently, international students
with lower health belief scores should be encouraged to pay more attention to their personal health,
participate in more physical exercise, strengthen their motivation to participate in physical exercise,
and increase the frequency of their participation.

Keywords: COVID-19; health belief model; international students; physical exercise

1. Introduction

As a top-ranking country among the Global Citizens for Human Rights’ World’s Best
Education Systems [1], South Korea has been recognized worldwide for the comprehen-
siveness and quality of its education system. Hence, over the last decade, the number of
international students in Korea has increased. In December 2021, this number reached
152,281, an increase of 44.9% over the total number in 2010 [2]. However, the coronavirus
has had an impact on these numbers, as well as on the lives of these international students
in Korea.

The coronavirus disease 2019 (COVID-19) was declared a global pandemic on 12
March 2020, by the World Health Organization [3]. Therefore, in the context of COVID-19,
over the last few years the number of international students coming to South Korea has
decreased. In 2020, the number decreased by 6470 compared with that in 2019, and the
number in 2021 decreased by 1414 compared with that in 2020 [2]. With the end of the
epidemic, the number of students studying abroad has increased by 14,611 compared to
2021 [2]. During this time, most countries imposed restrictions to reduce the spread of
COVID-19; for example, these included restrictions on indoor and outdoor gatherings,
business hours, quarantine periods, and international travel [4]. These restrictions have
had many effects, including a reduction in physical activity. Due to the emergence of
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COVID-19, international students in South Korea have fewer opportunities to go out to
participate in sports activities. In such circumstances, students’ physical health status may
change. This is because social interaction behaviors that occur when going out to participate
in physical exercise positively impact the mental health of international students. Thus,
reduced physical exercise may lead to negative changes in the mental health of international
students, which will also negatively impact their quality of life [5].

Physical exercise has been shown to be an important element in maintaining one’s
physical, as well as mental, health [5,6]. Physical activity and exercise might be key factors
in helping the population better tolerate pandemic periods at both the mental and physical
levels [7]. During the pandemic, participation in such activities changed, as physical
exercise activities in most countries and regions around the world were affected [7,8]. This
was particularly true in South Korea. During the pandemic, Korean citizens’ participation
in sports gradually shifted from outdoors to indoors, and from clustered multi-person
sports to single-person non-clustered sports [8]. For an international student unfamiliar
with the Korean lifestyle and the surrounding environment, physical exercise during the
COVID-19 pandemic became difficult.

Regular physical exercise not only improves the body’s immunity [5], but also effec-
tively reduces disease fatality rates [6]. The health belief model (HBM), first proposed
by American psychologist Rosenstock over six decades ago, assesses health-related atti-
tudes and behaviors. It has been widely used, modified, and improved [9]. The model
is a practical tool that can be applied to participation in physical exercise to improve our
understanding of the underlying influential factors [10].

The HBM evaluates the health status of individuals in terms of their health beliefs,
cues, or intentions, and behavioral constraints [11]. This research mainly focuses on five
factors: perceived benefits of exercise, self-efficacy of physical evaluation, susceptibility to
disease, severity of sensory illness and frailty, and paying attention to the results of physical
evaluation. Although physical exercise is a good means of improving health, many people
do not participate in it; thus, a better understanding of this phenomenon will enable us
to promote better participation behaviors [11,12]. We use the HBM in our study to assess
the health beliefs of international students and investigate how these beliefs correlate with
physical activity during the pandemic.

Previous studies have found that health beliefs can help people take effective pre-
ventive measures. Therefore, establishing good health beliefs has a certain impact on
physical exercise motivation and behavior. Physical exercise motivation is generally di-
vided into physical health, appearance, entertainment, social communication, and other
aspects [13]. However, groups with different educational levels and social backgrounds
also have different health beliefs. People with higher educational backgrounds may have
more advantages in the process of establishing personal health beliefs [14], as they have
richer knowledge reserves and more life experience. Their personal health beliefs may be
more comprehensive [13,15]. The environment may be a factor as well. In South Korea,
international students can choose whether to live on campus or off campus, which also has
an important impact on their lifestyles. Students living off campus may be more physically
active than those living on campus [16,17].

At present, there are many studies on the physical exercise of college students in
the context of COVID-19, but few focusing on the international student group [5,9,17–20].
We investigate the correlations between the health beliefs of international students, their
education level, physical activity, and their living situation before and after COVID-19.
Based on the importance of physical activity for a student’s mental health, this study aims
to provide a reference for students, academia, and policymakers regarding the motivation
and willingness of international students to participate in physical exercise during the
normalization of the pandemic. To that end, we use the HBM to understand students’
awareness of their health and assess the impact of their scores on their participation in
physical exercise in South Korea.
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2. Materials and Methods

2.1. Data Collection

As international students at Dankook University, Yongin, South Korea, we created
an online questionnaire through the website www.wjx.cn, accessed on 12 August 2021.
Through our teachers and friends, we sent the questionnaire’s link to the surrounding
foreign students. To explore physical exercise behavior and changes in such behavior
during the COVID-19 pandemic in the context of the HBM, on 3 March 2022, an online
questionnaire was used to maintain social distancing, and students in the Seoul and
Gyeonggi-do regions of South Korea were randomly selected to participate. A survey
of 320 foreign students studying in South Korea used the HBM to assess their health
behaviors and changes in their physical exercise behaviors. All 320 online questionnaires
distributed were returned. Of these, 315 were valid, which led to an effective response
rate of 98.40%. Since data sets on this study from the online questionnaire did not include
private identifier information, such as telephone numbers, home addresses, and social
security numbers, ethical approval was not required. Ultimately, the study was approved
by the institutional review board of Dankook University, Yongin, South Korea, and ethical
approval was waived.

2.2. Scale Design

There are relatively complete measurement scales in the extant research for the
HBM [18]. This study transformed the HBM scale created by DAI Xia, deleted the in-
appropriate variables, and adapted them according to the specificity of the COVID-19
context. We based the measurement scale in our study on similar variables in previous
research with adequate content credibility [12,16,18,21]. The questions were modified and
adjusted accordingly, as shown in Table 1. All the items on the scale were measured against
a five-point Likert scale, where 1 meant “strongly disagree” and 5 meant “strongly agree.”
At the same time, a score from 1 to 5 was assigned to the questionnaire responses on cogni-
tive health belief patterns in this survey (only perceived benefits of exercise, self-efficacy
of physical evaluation, susceptibility to disease, severity of sensory illness and frailty, and
paying attention to the results of physical evaluation).

Table 1. The reliability and validity test results for each factor (n = 315).

Variables AVE CR Cronbach’s α
KMO &
Bartlett

Perceived benefits of exercise 0.942 0.697 0.919 0.936
Self-efficacy of physical evaluation 0.518 0.808 0.721 0.945

Susceptibility to disease 0.868 0.687 0.811 0.919
Severity of sensory illness and frailty 0.745 0.921 0.892 0.938

Paying attention to the results of
physical evaluation 0.828 0.935 0.910 0.921

Differences in motivation to participate in
physical exercise before and after the emergence

of COVID-19
0.611 0.916 0.885 0.926

Physical exercise behavior differences 0.680 0.922 0.802 0.833

Note: AVE, average variance extracted; CR, composite reliability; KMO, Kaiser–Meyer–Olkin.

2.3. Data Analysis

To study the HBM from the perspective of international students in South Korea and
their physical exercise behaviors, we included the HBM’s questions as well as questions
regarding the differences in student motivation to participate in physical exercise and stu-
dents’ actual exercise behaviors before and after the pandemic. We also conducted several
tests to ensure the reliability and validity of our variables. The data of the Internet survey
were organized. SPSS 26.0′s (IBM Corp., Armonk, NY, USA) Kaiser–Meyer–Olkin (KMO)
Test was used to verify the validity of the results. In order to understand the importance
attached to health, appearance, entertainment, learning skills, and social interactions under
different educational backgrounds, the data were compared and sorted by analysis of vari-
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ance and least square difference (ANOVA-LSD) post-hoc tests. The statistical significance
was set at p < 0.05.

3. Results

3.1. Reliability and Validity

The combined reliability and Cronbach’s α of most variables were higher than the
recommended level of 0.70, and the KMO and Bartlett test results were higher than 0.70,
thus assuring high validity. The reliability and validity test results are shown in Table 1.

To accurately understand the differences in each group’s physical exercise behaviors
and motivation in terms of education and other factors, we used the ANOVA-LSD to
analyze the differences assuming a variance.

3.2. Sociodemographic Variable Analysis

Among the participants in this survey, international students from China accounted
for the majority (69.84%), followed by those from Vietnam (22.54%). The number of
international students from other countries and regions was relatively small (7.61%). Most
of the international students were female (61.59%), between 23–25 years old (41.27%), and
in either their third or fourth semester (52.06%). International students over 23 years old
in at least their second semester can adapt to the surrounding environment of the school.
Most international students (60.32%) chose more free off-campus accommodations. Details
of the sociodemographic variables are shown in Table 2.

Table 2. Descriptive statistics for the respondents (n = 315).

Variables Category Frequency Percentage (%)

Gender
Male 121 38.41

Female 194 61.59

Age

18–22 52 16.51
23–25 130 41.27
26–30 97 30.79

Over 30 35 11.11

Educational level
College 102 32.38

Postgraduate 112 35.56
PhD 101 32.06

Semester

1–2 69 21.90
3–4 164 52.06
5–6 60 19.05
7–8 22 6.98

Living
accommodation

On campus 125 39.68
Off campus 190 60.32

3.3. Correlations among Age, Gender, and Health Beliefs

To understand the differences among international students in the context of the HBM
across different age groups, we first tested the variables using Pearson correlation analysis
in SPSS. The test results are shown in Table 3.

Among the international students, the benefits of activity significantly correlated with
age (p < 0.01), education (p < 0.01), and lifestyle (p < 0.01). Both male and female students
with increased health awareness perceived the benefits of exercise and enjoyed it more [22].
Our tests regarding differences in awareness based on health beliefs among international
students in different age groups indicated that higher HBM scores correlated significantly
with age, gender, educational background, and lifestyle among the international students
surveyed. Age was closely related to personal life experience and perception of ontological
health, and those with extensive experiences were more conscious of their health [23].
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Table 3. Pearson correlation analysis of age, gender, and health beliefs (n = 315).

Variables Contents Sex Age Education
Living

Situation

Perceived benefits
of exercise

I think physical exercise can enhance physical health. 0.086 0.678 ** 0.561 ** 0.252 **
I think physical activity can prevent disease and prolong life. 0.109 0.557 ** 0.452 ** 0.254 **

I think physical exercise is good for the mind and body. 0.109 0.594 ** 0.483 ** 0.230 **
I think physical exercise can keep me fit. 0.097 0.503 ** 0.412 ** 0.210 **

I think physical activity improves quality of life. 0.064 0.776 ** 0.640 ** 0.277 **
I think physical exercise is an important way to maintain

physical health. 0.079 0.496 ** 0.419 ** 0.235 **

I think enhancing physical health requires regular physical exercise. 0.130 * 0.551 ** 0.469 ** 0.267 **

Self-efficacy of
physical evaluation

When my physique is in poor health, I feel a sense of urgency
to exercise. 0.053 −0.041 0.039 0.098

When my physique is not in good health, I will work out against
the odds. 0.092 0.614 ** 0.454 ** 0.239 **

When my physique is not healthy, I can overcome obstacles such as
weather and the environment to train. 0.150 ** 0.574 ** 0.441 ** 0.246 **

Even when I get tired, I will follow a plan to exercise to enhance my
physique and health. 0.051 0.487 ** 0.383 ** 0.177 **

Susceptibility to disease

People with poor physical health are more likely to be infected
with COVID-19. 0.126 * 0.284 ** 0.202 ** 0.205 **

Lack of exercise may lead to COVID-19 infection. 0.102 0.287 ** 0.326 ** 0.203 **
Poor physical health made me worry about contracting COVID-19. 0.234 ** 0.353 ** 0.320 ** 0.249 **

Perceived severity of
illness and frailty

Serious investigations of perceived sickness and frailty—I am afraid of
contracting COVID-19. <0.001 −0.048 −0.020 −0.049

Every time I get sick, I feel scared. 0.069 0.792 ** 0.656 ** 0.348 **
I feel a serious threat to my physical health when I have an illness. 0.060 0.654 ** 0.584 ** 0.297 **

Lack of exercise can lead to a serious illness. 0.141 * 0.478 ** 0.516 ** 0.292 **

Paying attention to the
results of

physical evaluation

Physical health evaluation is an important way for me to
understand health. 0.091 0.489 ** 0.506 ** 0.283 **

I am very concerned about changes in physical health information. 0.086 0.444 ** 0.446 ** 0.233 **
The results of a physical health evaluation allow me to know more

about my own health. 0.069 0.792 ** 0.656 ** 0.348 **

Note: * p < 0.05, ** p < 0.01.

Figure 1 presents the average scores of perceived health beliefs for groups. After
re-organizing the HBM’s score data from the questionnaire survey for different educational
backgrounds, accommodations, and age groups, we found no significant correlations
regarding comprehensive HBM scores for the vast majority of international students by
gender. Those with higher average HBM scores were more educated, 26–30 years old, and
lived off campus. Older international students with more education appeared to have
increased safety awareness when living alone [18].

Figure 1. The average scores of perceived health beliefs for each group.
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3.4. Correlations of Physical Exercise Motivation and Education

In Table 4, through the ANOVA-LSD analysis of academic qualifications, we found that
following the pandemic outbreak, foreign undergraduate students had a stronger desire to
improve their health, maintain their bodies, and enjoy sports, as well as a stronger need for
social interaction, than did graduate and doctoral students. Thus, the sudden pandemic
situation had a greater impact on the health motivation of international students with less
education. Through the same analysis in terms of age difference, the motivation for physical
exercise among 26–30-year-olds was lower than that among the other age groups. Although
older international students had stronger personal health awareness, they perceived that
the pandemic made it more difficult for them to get physical exercise. Motivation was
less affected among the other age groups. In terms of living situation, students living
off campus reflected a smaller difference in physical exercise motivation than did those
living on campus. With the spread of the pandemic, more people chose to exercise at home.
Students living off campus have more favorable conditions for such exercise.

Table 4. Differences in foreign students’ physical exercise motivation based on academic qualifications.

Variables Education N Mean
Standard
Deviation

F
Least

Significant
Deviation

Health
Undergraduate 102 4.33 0.569

65.815 *** 1 > 2 > 3Masters 103 4.06 0.683
Ph.D. 110 3.43 0.515

Appearance
Undergraduate 102 3.96 0.195

62.739 *** 1 > 2 > 3Masters 103 3.81 0.397
Ph.D. 110 3.39 0.490

Entertainment
Undergraduate 102 3.86 0.446

40.888 *** 1 > 2 > 3Masters 103 3.76 0.474
Ph.D. 110 3.29 0.548

Learning
skills

Undergraduate 102 3.80 0.546
30.639 *** 1 > 2 > 3Masters 103 3.74 0.504

Ph.D. 110 3.28 0.544

Social
interaction

Undergraduate 102 3.75 0.624
27.439 *** 1 > 2 > 3Masters 103 3.71 0.517

Ph.D. 110 3.23 0.569

Note: *** p < 0.001; tested using analysis of variance. 1: Undergraduate, 2: Masters, 3: Ph.D.

3.5. Influence of HBM Scores on International Students’ Physical Exercise Motivation
and Behavior

Figure 2 shows how the average HBM scores differ based on educational back-
ground, age, and living situation. Those with higher average scores were aged 26–30 years
(84.87 points), had doctoral degrees (102.58 points), and had off-campus accommodations
(83.38 points). Changes in motivation for training and exercise were also significantly dif-
ferent in the group of international students with higher health belief scores. Among them,
students with doctoral degrees were more inclined to choose the “increase” option after the
outbreak of the pandemic. The international students in the 26–30-year-old group chose
the “unchanged” option, and the students living off campus chose the “increase” option.

In Table 5, the options from “Physical exercise behavior differences” questionnaire
were assigned to the participants’ corresponding scores of the questionnaire concerning the
most exercise behaviors (except for the ninth question). Next, the average score was calcu-
lated for each group. In terms of physical exercise activities, the overall exercise intensity
of the international students with doctoral degrees between the ages of 26–30 years was
moderate, and their exercise time was generally 31–59 min about 5–6 times a week. Their
exercise intensity did not change after the pandemic. However, in terms of physical exercise
behavior, the average score for international students aged 26–30 years was 79.2 points,
which was higher than that for those with doctoral degrees, at 59.69 points. The average
score for international students living off campus was the lowest, at only 58.1 points. How-
ever, we also found that after the outbreak of the pandemic, international students living
off campus changed their answers from “sweating a lot, vigorous but not lasting exercise
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(such as playing basketball, tennis, etc.)” to “shortness of breath, sweating a lot, intense
and long-lasting exercise (such as long-distance running, playing badminton, swimming,
etc.)”, implying that their exercise intensity increased somewhat.

Figure 2. The exercise motivation intention factors with the highest average health belief scores.

Table 5. Summaries of physical exercise behaviors among those with strong health beliefs before and
after the pandemic.

Variables
Exercise
Intensity

(B)

Exercise
Intensity

(A)

Exercise
Time (B)

Exercise
Time (A)

Exercise
Frequency

(B)

Exercise
Frequency

(A)
Range (B) Range (A)

PhD.
High

strength
(52.2%)

High
strength
(52.0%)

31–59 min
(70.0%)

31–59 min
(64.4%)

5–6 times
(65.5%)

5–6 times
(56.6%)

501–1000 m
(65.5%)

501–1000 m
(53.3%)

26–30 years
old

High
strength
(77.3%)

High
strength
(78.3%)

31–59 min
(85.5%)

31–59 min
(85%)

5–6 times
(84.5%)

5–6 times
(79.3%)

501–1000 m
(81.4%)

501–1000 m
(61.8%)

Off-
campus
living

Medium
strength
(33.5%)

High
strength
(34.0%)

31–59 min
(65.4%)

31–59 min
(62.7%)

5–6 times
(73.9%)

5–6 times
(69.6%)

501–1000 m
(71.8%)

501–1000 m
(50.5%)

4. Discussion

At present, there are many studies on college students’ exercise within the context of
the COVID-19 pandemic, but few studies focus on the international student group. Interna-
tional students faced a particularly difficult situation when the pandemic occurred because
of their special status as foreigners. There are relatively few channels for understanding and
interpreting the local pandemic prevention and control policies. Therefore, it is necessary
to study international students’ physical exercise behaviors during the pandemic [18,24].

This study investigated the HBM in relation to physical exercise motivation and be-
havior among 315 international students in South Korea within the context of the pandemic.
The average health belief scores among international students with doctoral degrees, those
aged 26–30 years, and those who lived in off-campus housing were higher than those of
students with other educational backgrounds, in other age groups, and those who lived on
campus. The motivation and behavior of international students with high average health
belief scores did not change much before and after the pandemic. This shows that overseas
students with higher academic qualifications, of a moderately mature age, and who live
off campus in a more free-living environment have strong health beliefs. Their abilities to
perceive and manage their bodies’ health status are strong, and they have relatively regular
physical exercise habits.
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Previous studies have found that COVID-19 health beliefs can help people take effec-
tive preventive measures [25,26]; therefore, the establishment of good health beliefs has a
certain impact on physical activity motivation and behavior. Physical exercise motivation
is generally divided into physical health, appearance, entertainment, social communica-
tion, and other aspects [14,21,27]. Perceived exercise benefits allow participants to feel the
physical benefits of exercise while performing it, so that people enjoy exercise. Physical fit-
ness evaluation self-efficacy helps people to effectively recognize the relationship between
physical health and exercise, so that exercise participants can reasonably arrange physical
exercise according to their own health status. When someone is in poor physical health,
there will also be concerns about and associations with physical illness. On the other hand,
people’s positive attitudes may also stimulate them to actively participate in sports. Since
most people have no experience of being infected or sick with COVID-19, their ability to
perceive the threat of the disease is poor. Therefore, their motivation to participate in pre-
ventive physical exercise will also be weakened; paying attention to the results of physical
health evaluation is the fastest way to understand the physical health status of individuals,
and it is also a more direct factor affecting physical exercise motivation and behavior.

However, groups with different educational levels and social backgrounds also have
different health beliefs. People with higher educational backgrounds have more advantages
in the process of establishing personal health beliefs [27,28], as well as richer knowledge
reserves and life experience. This is consistent with the results of this study. This study
also analyzed the correlations between the interviewees’ educational background and
age and found that for international students with more education and of a relatively
advanced age, the establishment of the personal HBM is also more complete. People
around the age of 30 have a strong awareness of health and physical exercise, and they
have a relatively regular lifestyle. This is very helpful for maintaining physical and mental
health [14,29,30]. In South Korea, students can choose whether to live in on-campus
dormitories, and both on-campus and off-campus dormitories also have an important
impact on students’ lifestyles. In China, college students are not allowed to live off campus,
so their lifestyles are relatively simple. South Korea’s relatively free lifestyle brings more
convenience to students’ lives. For example, students can go to gyms to participate in
physical exercise, and students living off campus are more active in physical activities than
students living on campus [13,20]. In terms of intensity, frequency, and time of physical
exercise, due to the impact of the pandemic, most people showed an overall downward
trend. This has a stronger relationship with the inability to go out to participate in or enter
a gym for physical exercise.

Within the context of the COVID-19 pandemic, the health beliefs of international
students in South Korea have a certain influence on their physical exercise motivation and
behavior. This, in turn, has a significant impact on physical exercise intensity, exercise
frequency, exercise time, and activity range. This study did not investigate respondents’
access to personal health information, so there are some limitations. In the future, we can
learn about the specific sports and fitness status of international students by investigating
how they obtain information about their health beliefs. In order to study the impact of the
HBM on the health status of international students, international students should be assisted
in establishing personal health beliefs and maintaining a good level of physical health.

5. Conclusions

This study surveyed 315 international students in Seoul and Gyeonggi-do, South
Korea. Through the HBM, differences in physical exercise motivation and behavior before
and after the pandemic were studied. Our conclusions are as follows: First, during the
pandemic, physical exercise motivation among international students with higher health
belief scores did not change significantly. This was closely related to the positive physical
exercise habits formed through personal behaviors.

Second, the group health belief scores of foreign students with doctoral degrees, who
were aged 26–30 years, and who lived off campus were higher than those of other groups.
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The higher the health belief score, the higher the awareness and concern regarding the
student’s personal health status. Third, groups with higher health belief scores showed
only small differences in terms of exercise intensity, frequency, time, and scope before and
after the pandemic, reinforcing the benefits of strong health beliefs for establishing a strong
health awareness and motivating regular physical activity. International students with
lower health belief scores should be encouraged to pay more attention to their personal
health, participate in more physical exercise, strengthen their motivation to participate in
physical exercise, and increase the frequency of their participation.
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Abstract: Recommendations for conventional strength training are well described, and the volume of
research on whole-body electromyostimulation training (WB-EMS) is growing. The aim of the present
study was to investigate whether active exercise movements during stimulation have a positive effect
on strength gains. A total of 30 inactive subjects (28 completed the study) were randomly allocated
into two training groups, the upper body group (UBG) and the lower body group (LBG). In the
UBG (n = 15; age: 32 (25–36); body mass: 78.3 kg (53.1–114.3 kg)), WB-EMS was accompanied by
exercise movements of the upper body and in the LBG (n = 13; age: 26 (20–35); body mass: 67.2 kg
(47.4–100.3 kg)) by exercise movements of the lower body. Therefore, UBG served as a control when
lower body strength was considered, and LBG served as a control when upper body strength was
considered. Trunk exercises were performed under the same conditions in both groups. During
the 20-min sessions, 12 repetitions were performed per exercise. In both groups, stimulation was
performed with 350 μs wide square pulses at 85 Hz in biphasic mode, and stimulation intensity was
6–8 (scale 1–10). Isometric maximum strength was measured before and after the training (6 weeks set;
one session/week) on 6 exercises for the upper body and 4 for the lower body. Isometric maximum
strength was significantly higher after the EMS training in both groups in most test positions (UBG
p < 0.001–0.031, r = 0.88–0.56; LBG p = 0.001–0.039, r = 0.88–0.57). Only for the left leg extension in
the UBG (p = 0.100, r = 0.43) and for the biceps curl in the LBG (p = 0.221, r = 0.34) no changes were
observed. Both groups showed similar absolute strength changes after EMS training. Body mass
adjusted strength for the left arm pull increased more in the LBG group (p = 0.040, r = 0.39). Based on
our results we conclude that concurring exercise movements during a short-term WB-EMS training
period have no substantial influence on strength gains. People with health restrictions, beginners
with no experience in strength training and people returning to training might be particularly suitable
target groups, due to the low training effort. Supposedly, exercise movements become more relevant
when initial adaptations to training are exhausted.

Keywords: WB-EMS; electric stimulation; strength training; strength test

1. Introduction

Whole-body electromyostimulation (WB-EMS) is a training method that can com-
plement or to some extent replace traditional resistance training, as it can be used alone,
superimposed, or combined (different training time points). Since several electrodes are
used [1], different muscles can be stimulated at the same time [2]. Strength improvements
can be achieved with both high-intensity resistance training and WB-EMS [3]. Previous
studies have shown that WB-EMS is applicable in healthy people [4] and also in patients,
e.g., in people suffering from Parkinson [5] or sarcopenic obesity [6]. In conventional
resistance training, the one repetition maximum (1-RM) is used to describe the training
intensity [7]. Since it represents the maximal voluntary contraction, a comparison between
electromyostimulation (EMS) and normal contraction is possible [8]. A low-cost way to
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determine the intensity of strength training is to capture the perceived exertion using the
Borg scale [9], which is also used in WB-EMS training [10,11]. In contrast to the 1-RM, where
voluntary force production under external load is recorded, the perceived exertion reflects
the internal load. For beginners in conventional strength training, at least 2 training sessions
per week are recommended. Both multi-joint and single-joint exercises can be performed,
using a variety of equipment and the own body weight. Per set, 8 to 12 repetitions should
be completed at 60–70% of the repetition maximum [12]. To provide a safe and effective
application of WB-EMS, guidelines recommend restricting the duration of one session to
a maximum of 20 min. Moreover, the frequency should be limited to one session a week
for at least the first eight weeks or a minimum interval of four days should be maintained
thereafter [13]. Perceived exertion should be rated approximately as “hard” to “hard+”
(lower during initial training) [13], corresponding to 5 to 6 on the Borg CR 10 scale [14]. Nev-
ertheless, in some trials, the training frequencies were higher [2,15], and sometimes lower
with one session a week [16,17] compared to the aforementioned recommendation after
familiarization. The aggregated training stimulus consists of the number of sessions a week
and the length of the training period. Usually, eight sessions or more have been conducted
in strength related WB-EMS studies with healthy subjects [10,18]. Early strength improve-
ments due to strength training can be attributed mainly to neural factors. From the third
to fifth week on, strength development is mainly caused by hypertrophy [19]. Increases
after very few sessions (as seen after three training sessions) are supposedly attributable to
lower antagonist activity or motoric improvements of synergists [20]. Elgueta-Cancino and
colleagues [21] elicited less inhibitory activity in the cortex, higher corticospinal excitability,
and altered motor unit activation as assumed mechanisms of initial strength gain. Muscle
growth and strength gain can also be achieved by compact training (eight weeks with three
sessions a week) with neuromuscular electrical stimulation [22]. Similar to conventional
strength training early strength gains owing to EMS-training are achieved without muscle
growth [23].

The body of research on WB-EMS training is growing [24]. EMS can be superimposed
on maximum or sub-maximum voluntary dynamic or isometric contractions or applied
without any concomitant voluntary contraction. Nevertheless, little is known about the
importance of active exercise movements during stimulation. Strength gains due to EMS
with exercise movements were previously shown [25,26] and some authors addressed
the impact of EMS superimposed on intense strength training [27,28]. To our knowledge,
only Kemmler and colleagues [29] investigated the effects of smaller, WB-EMS accompa-
nying movements. In this randomized controlled trial (RCT), participants trained once a
week for 12 weeks. However, only older females with little muscle mass were included
for the comparison between dynamic use (movements during stimulation) and passive
use (only isometric contractions during stimulation) limiting the generalizability of the
results obtained. Therefore, the present study aims to investigate whether active exercise
movements during stimulation have a positive effect on strength gains of selected upper
and lower body muscles in young healthy subjects of both sexes in training sessions using
mobile, easily accessible fitness equipment, or the own body mass. We hypothesized that
WB-EMS combined with concurrent exercise movements will result in higher strength
gains than WB-EMS alone. Hence, this study was designed to clarify whether movement
sequences are necessary for strength gains during WB-EMS or, whether the electrostim-
ulation alone induces strength gains. The results might help fitness professionals and
EMS-users to optimize recommendations for WB-EMS training depending on individual
goals and requirements.

2. Materials and Methods

2.1. Subjects

The number of subjects to be included in the study was determined using an a priori
sample size calculation for statistical comparison of the means of two unpaired groups
(using the program GPower 3.1) based on the mean of the effect sizes (Δ strength leg exten-
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sion: d = 1.67; Δ strength leg flexion: d = 0.79) reported by Kemmler and colleagues [29].
This study is similar to the present study. A predefined lower limit of statistical power of
80% and anα error probability of 0.05 were assumed. A dropout rate of 20% was further
added. Based on the results of this calculation, a total of 30 subjects were initially recruited
for participation. Subjects were included when being aged between 20 and 40 years and
having abstained from physical activity for at least six months prior to the start of the
study. Access was possible for both sexes. Subjects were excluded when acute injuries
or physical complaints were reported or when contraindications as listed by Kemmler
and colleagues [30] or Stöllberger and Finsterer [31] were present (e.g., epilepsy, bleeding
disorders). No other exclusion criteria were defined (e.g., BMI, VO2max). The study was
conducted in accordance with the principles of the Declaration of Helsinki [32] and ap-
proved by the ethics committee of the University of Wuppertal (MS/BBL 200114 Wehmeier).
All subjects signed a written consent to participate in the study.

2.2. Experimental Design

The procedure was based on a randomized controlled trial design (Figure 1). Subjects
were randomly assigned to two training groups (with the program RandList 1.2), with the
number of subjects in both groups being equal. In the upper body group (UBG), WB-EMS
was accompanied by exercise movements of the upper body only and in the lower body
group (LBG) by exercise movements of the lower body only. Therefore, the UBG served as
a control when lower body strength is considered, and the LBG served as a control when
upper body strength is considered. With this design, WB-EMS without exercises and WB-
EMS with exercises could be compared. Intervention duration was set to six weeks, training
frequency to one session/week, and the duration of the training session to 20 min. Before
and after the training period, maximum force was determined during various exercises.
Blinding of subjects was not possible because the intervention is identifiable. Blinding of the
investigator was not applicable because the training instructions and the test instructions
were given by the same person, a professional EMS trainer with a bachelor’s degree in
sports science. Subjects were asked to maintain their dietary habits and to keep their
physical activity levels constant, which also meant avoiding additional physical activity.
All interventions and measurements were conducted in an EMS studio (go!Orange—Studio
für EMS, Remscheid, Germany).

2.3. WB-EMS Procedure

Both the UBG and the LBG received the same WB-EMS application (miha bodytec II;
miha bodytec GmbH, Gersthofen, Germany) once a week. Subjects wore thin tight-fitting
underwear. The vest with wetted electrodes was placed on the upper body and the wetted
electrode bands on the arms, buttocks, and legs (miha bodytec). During the 20-min training,
the upper and lower back, abdominal muscles, buttocks, muscles around the thigh, chest,
and muscles around the upper arm were stimulated with 85 Hz of 350 μs wide rectangular
pulses in biphasic mode. Both the duration of the pulse interval (stimulation on) and the
pulse pause (stimulation off) were set to 4 s. The pulses were ramped up to the targeted
intensity without delay (full intensity directly available) and similarly ramped down to
zero (direct interruption of the stimulation) at the end of the stimulation phase. To maintain
the same conditions, the stimulation intensity was adjusted to 6–8 on a scale of 1 (hardly
noticeable) to 10 (painful) [33]. Regardless of group affiliation, muscles were voluntarily
tensed during the stimulation episode.

2.4. Exercise Procedure

Both groups received WB-EMS and performed exercises meanwhile. (Supplementary
Figures S1–S3). The UBG used upper body exercise movements (chest and upper back
including shoulders and arms) and the LBG used lower body exercise movements (buttocks
and thigh muscles including abductors and adductors). The UBG training consisted of
rowing, butterfly reverse, latissimus pulls, pushups, butterfly, biceps curls, and triceps
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pulldowns. The LBG training consisted of squats, lunges, adductions, abductions, hip
lifts, and leg raises. Both groups exercised the trunk (abdomen and lower back) with
back extensions, crunches, and oblique crunches. Selected exercises were performed with
additional fitness equipment (fitness tubes and elastic bands, each with varying resistance,
and a Swiss Ball). During the first 1 to 2 sessions (depending on the training level), subjects
maintained the position over the period of stimulation that they had taken at the onset of
the stimulus. One set of 12 repetitions was performed per exercise, with each repetition
beginning with the onset of the pulse. To maintain the same physical load level, i.e.,16 to
17 on the Borg RPE scale [33], the number of movements during an impulse interval could
be increased up to three. If the training stimulus was not sufficient after the aforementioned
customization, the originally targeted static exercise position should be maintained during
the interval break. However, overexertion led to a backward correction. Another way to
increase the intensity to the desired level was to increase the resistance either by giving an
additional fitness tube or rubber band, or by using a version that offered more resistance.

 

Figure 1. Overview of the study design and procedure. UBG: upper body group; LBG: lower body
group; WB-EMS: whole-body electromyostimulation (dashed frame); UBM: upper body exercise
movements; LBM: lower body exercise movements.

2.5. Isometric Strength Testing Procedure

Isometric maximum strength (N) was determined during 10 different exercises (arm
adduction, arm pull, leg extension, and leg curl, each unilateral left and unilateral right,
as well as during biceps curl and triceps pulldown, each bilateral) in standardized posi-
tions (Supplementary Figure S4) pre (initial measurement) and post (final measurement)
intervention using a mobile device (KD 9363 including DMS measuring amplifier GVS-2;
ME-measuring systems GmbH, Hennigsdorf, Germany), which was more practicable than
the determination of the 1-RM. Reliability of the isometric maximum strength measurement
method was verified by Runkel and colleagues for several test positions (triceps pulldown,
biceps curl, arm pull, sit-up, leg curl, leg extension) in healthy subjects with a comparable
body mass index [34] by a high interclass correlation coefficient (r = 0.764 to 0.934). At
both time points, the tests were performed three times in each position. The pause was
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set to 10 seconds between individual tests. In each case, the maximum value was used for
analysis. The whole testing procedure lasted approximately 20 min.

2.6. Statistical Analysis

Due to the presence of some discordant values (see box plots), skewed distribution
in some cases (Shapiro–Wilk test), partial heterogeneity of error variances (Levene’s test),
and partial heterogeneity of covariances (Box test), nonparametric statistical tests were
employed. The differences between the initial and the final maximum isometric strength
were determined separately for each group using the Wilcoxon test. The initial and the
final values were compared between the groups using the Mann–Whitney U test. Absolute
differences were calculated by subtracting the initial values from the final values, and
relative differences were calculated by dividing the final values by the initial values (the
initial value was set to 100%). Group comparisons were performed using the Mann–
Whitney U test for absolute and relative differences. The significance level was set to
< 0.05. Two-tailed analyses were used. The results of the non-parametric tests were used
to calculate the effect sizes [35]. A distinction was made between large effects (r ≥ 0.5),
medium effects (< 0.5 to 0.3), and small effects (< 0.3 to 0.1) [36]. Statistics were calculated
using SPSS (IBM SPSS Statistics for Windows, Version 28.0., IBM Corp., Armonk, NY, USA)
and Excel (Microsoft Excel for Windows, 16.0., Microsoft Corp., Redmond, WA, USA). An
intention-to-treat analysis was not possible due to dropouts occurring at baseline.

3. Results

Of the included subjects, 28 completed the study. The dropouts occurred due to
personal reasons. The characteristics of the groups did not differ significantly from each
other (Table 1) and the total training volume was similar in both groups. Most subjects
(n = 9 in each group) completed five sessions and no adverse effects occurred. The body
mass remained unchanged in both the UBG and the LBG (Table 1). Neither the initial nor
the final values differed significantly between the two groups. Isometric maximum strength
was significantly higher after EMS training in both groups, both in absolute terms (Table 2
UBG; Table 3 LBG) and body mass adjusted (N/kg), except for left leg extension in the UBG
and biceps curl in the LBG. The changes in absolute strength were similar in both groups
(Table 4). Body mass adjusted strength during left arm pull showed a higher increase
in the LBG (Figure 2). In the other test positions, group affiliation made no difference
(Figures 2–4). Furthermore, the LBG achieved a higher percentage strength gain in left
arm pull, both absolute (Table 4) and body mass adjusted (UBG median 114.25% vs. LBG
median 137.05%; p = 0.020; r = 0.44).

Table 1. Characteristics presented as medians (ranges) of the total collective (n = 28) and the
two groups.

Total
(m 11; f 17)

UBG
(m 6; f 9)

LBG
(m 5; f 8)

Age [years] 28 (20–36) 32 (25–36) 26 (20–35)
Height [cm] 173.0 (159–186) 174.0 (159.0–186.0) 171.0 (160.0–186.0)
Body mass pre [kg] 74.1 (47.4–114.3) 78.3 (53.1–114.3) 67.2 (47.4–100.3)
Body mass post [kg] 74.4 (48.0–112.9) 78.2 (52.8–112.9) 68.0 (48.0–99.7)
BMI pre [kg/m2] 25.33 (18.21–40.98) 25.68 (19.27–40.98) 23.88 (18.21–30.35)
BMI post [kg/m2] 25.06 (18.08–38.57) 25.63 (19.16–38.57) 23.74 (18.08–30.65)

Number of sessions 5 (3–6) 5 (3–6) 5 (3–6)
m: male; f: female; UBG: upper body group; LBG: lower body group; BMI: body mass index.
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Table 2. Initial and final median maximum strength values (ranges) of the upper body group (UBG).

Test Position
Strength (N)
Initial

Strength (N)
Final

Significance Effect Size r

Arm adduction right 83.3 (44.8–143.0) 116.2 (42.6–178.3) 0.002 ** 0.81
Arm adduction left 83.0 (44.8–124.4) 124.4 (54.2–196.0) <0.001 ** 0.88
Arm pull right 173.0 (117.0–293.7) 232.6 (124.7–331.6) 0.001 ** 0.84
Arm pull left 196.0 (114.1–331.7) 242.2 (132.4–378.3) 0.006 ** 0.70
Triceps pulldown 253.0 (142.7–461.2) 279.2 (149.6–510.4) 0.012 * 0.65
Biceps curl 308.5 (117.6–512.7) 331.7 (143.6–528.2) 0.008 ** 0.69

Leg extension right 377.2 (196.7–697.4) 404.8 (237.4–766.0) 0.015 * 0.63
Leg extension left 373.4 (130.9–682.5) 403.3 (218.6–769.0) 0.100 0.43
Leg curl right 184.6 (40.9–296.1) 200.1 (71.2–447.5) 0.005 ** 0.72
Leg curl left 185.5 (48.0–296.5) 186.9 (85.5–396.0) 0.031 * 0.56

n = 15; * significant difference p < 0.05; ** highly significant difference p < 0.01.

Table 3. Initial and final median maximum strength values (ranges) of the lower body group (LBG).

Test Position
Strength (N)
Initial

Strength (N) Final Significance Effect Size r

Arm adduction right 61.7 (28.8–127.4) 84.9 (43.1–155.5) 0.007 ** 0.75
Arm adduction left 56.2 (29.0–111.3) 85.1 (46.1–170.0) 0.002 ** 0.84
Arm pull right 140.0 (80.9–281.7) 170.4 (145.0–362.2) 0.001 ** 0.88
Arm pull left 131.0 (94.9–216.8) 167.9 (136.8–378.2) 0.001 ** 0.88
Triceps pulldown 178.0 (125.0–474.0) 203.0 (140.2–474.2) 0.039 * 0.57
Biceps curl 215.3 (137.0–559.5) 212.7 (167.9–531.0) 0.221 0.34

Leg extension right 330.5 (218.2–725.0) 385.6 (281.0–787.8) 0.002 ** 0.86
Leg extension left 304.0 (184.8–612.0) 348.5 (228.1–704.9) 0.001 ** 0.88
Leg curl right 139.4 (104.6–268.7) 170.0 (140.0–311.9) 0.001 ** 0.88
Leg curl left 127.0 (105.0–261.4) 166.2 (132.0–287.9) 0.002 ** 0.86

n = 13; * significant difference p < 0.05; ** highly significant difference p < 0.01.

Table 4. Median differences (ranges) between final and initial maximum strength values in both
groups (UBG and LBG).

Test Position Δ UBG (N) Δ UBG (%) Δ LBG (N) Δ LBG (%)

Arm adduction right 26.5 (−11.9–68.3) 137.01 (83.43–175.63) 12.6 (−13.9–44.3) 120.68 (86.47–222.92)

Arm adduction left 27.5 (5.6–83.3) 131.70 (104.61–183.05) 29.1 (−15.2–58.7) 152.74 (84.85–244.67)

Arm pull right 29.4 (−6.3–85.4) 114.74 (96.14–149.36) 32.5 (10.4–96.1) 128.46 (105.28–182.82)

Arm pull left 21.6 (−27.2–90.2) 115.07 (84.68–144.24) 41.4 (4.6–164.0) 131.67 (102.47–176.56) *

Triceps pulldown 11.7 (−9.0–89.5) 105.88 (97.20–161.89) 19.6 (−22.5–74.5) 110.17 (93.72–130.56)

Biceps curl 24.5 (−31.3–69.4) 107.45 (88.79–139.86) 21.2 (−45.1–40.7) 108.82 (88.02–122.55)

Leg extension right 52.0 (−90.7–141.2) 117.40 (86.99–125.25) 55.1 (−4.4–130.3) 116.67 (98.94–135.90)

Leg extension left 41.8 (−94.5–120.3) 110.05 (80.11–167.00) 56.0 (4.7–215.7) 121.68 (101.14–144.09)

Leg curl right 30.3 (−27.8–151.4) 117.45 (79.41–185.79) 37.1 (15.5–126.3) 124.87 (111.12–168.34)

Leg curl left 13.9 (−27.3–99.5) 107.42 (88.28–178.13) 39.7 (−1.7–70.7) 131.41 (98.79–160.84)

Δ: differences; UBG (n = 15): upper body group; LBG (n = 13): lower body group; * significant difference compared
to UBG, p = 0.020 (effect size r = 0.44).
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Figure 2. Differences between the final and the initial body weight adjusted maximum upper body
strength (arm adduction and arm pull) in the upper body group and in the lower body group.
Δ: differences; UBG (n = 15): upper body group; LBG (n = 13): lower body group; white box: right
arm; grey box: left arm; circles represent discordant values; means are displayed by crosses and
medians by crossbars; * significant difference between LBG and UBG, p < 0.040 (effect size r = 0.39).

Figure 3. Differences between the final and the initial body weight adjusted maximum arm strength
(biceps curl and triceps pulldown) in the upper body group and in the lower body group. Δ: differ-
ences; UBG (n = 15): upper body group; LBG (n = 13): lower body group; white box: triceps pulldown;
grey box: biceps curl; the circle represents a discordant value; means are displayed by crosses and
medians by crossbars; no significant differences occurred.

Figure 4. Differences between the final and the initial body weight adjusted maximum leg strength
(leg extension and leg curl) in the upper body group and in the lower body group. Δ: difference;
UBG (n = 15): upper body group; LBG (n = 13): lower body group; white box: right leg; grey box: left
leg; circles represent discordant values; means are displayed by crosses and medians by crossbars; no
significant differences occurred.
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4. Discussion

4.1. Overview

Significant strength changes were observed in both groups after about five weeks
training (one session per week). The percentage differences between the initial and final
tests were higher than those found in the reliability analysis of the test device by Runkel
and colleagues [34]. Therefore, the changes could be attributed to training. LBG train-
ing improved left arm pull strength more than UBG training. However, there were no
group differences in the other exercises. Initial values between the two groups were not
significantly different, but possibly at clinically relevant levels. If the higher initial values
had been due to differences in training history, a lower ability to further increase strength
would have be needed to be considered [37]. However, subjects should have abstained
from intense physical activity for at least six months before starting the study.

4.2. Accompanying Voluntary Activity

Little is known about the effects of movements for strength gain during EMS. During
local application, movements are usually avoided and isometric contractions are performed.
Maffiuletti [38] summarized that there are no differences in strength increase between EMS
and EMS superimposed on voluntary contractions. However, the conclusion is based on
the results of isometric interventions. Although movements are thought to promote the
activity of stimulated muscles [26], our results failed to show a consistent influence of active
exercise movements on strength gains. Furthermore, strength gains from conventional
resistance training depend, among others, on the range of motion used [39,40]. However,
isometric contractions at multiple joint angles might cover at least in part the physiological
range of motion. For EMS training, Maffiuletti [38] recommends changing the joint position
and furthermore, changing the electrode positioning to increase recruitment. Admittedly,
Kemmler and colleagues [29] demonstrated the benefit of movement during WB-EMS use,
with participants exercising in supine position. In contrast, our participants performed
exercises in different positions. Therefore, any movements of body parts that were not
primarily intended for the exercises and possible differences in resistance to gravity might
have influenced the results. Furthermore, it needs to be considered that additional fitness
equipment (fitness tubes and elastic bands with different resistance as well as a Swiss
Ball) was used for selected exercises. However, exercise movements using additional
fitness equipment did not affect the results. In addition, both the UBG and LBG performed
exercises for the trunk. Therefore, both groups received partially similar dynamic training
stimuli (three exercises). Movements inevitably lead to changes in muscle length and shape
(e.g., biceps muscle during curl). Hence, changes in the electrode contact were very likely to
occur. Furthermore, training that aims to enhance endurance and strength at the same time,
such as EMS superimposed on cycling [41,42], requires movements. However, stimulation
intensity must be considered to ensure the range of motion [43].

4.3. Training Models and Adaptations

Supraspinal mechanisms appear to be responsible for the initial strength development
through EMS training [23]. Bezerra and colleagues [44] showed increased strength after
EMS superimposed onto maximum isometric quadriceps contractions, not only of the
exercised leg but also of the unexercised leg, confirming neural contribution. The potential
to use EMS for rapid strength gains was demonstrated by Deley and colleagues [45],
who reported that maximum dynamic leg extension torque in prepubertal girls could
be increased by up to 50.6% with three weekly isometric applications over a three-week
period. According to Adams [46], atrophic patients as well as casualties are target groups
for the use of EMS. After 5 to 6 weeks, a 10 to 15% enhancement of muscle function can
be achieved, but three sessions a week are recommended. Several studies confirmed the
impact of WB-EMS on strength [10,26]. However, to our knowledge, only Kemmler and
colleagues [29] have studied the effects of exercise during WB-EMS to date. In most cases,
the lower body was investigated. Von Stengel and Kemmler [25] showed that leg/hip
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strength can be improved with 1.5 WB-EMS training sessions (with unloaded, low effort
exercises) per week over a 14 to 16 week period, regardless of age. Furthermore, strength
gains due to unloaded WB-EMS were similar compared to a HIT training after 16 weeks
with three sessions in two weeks [3]. An increase in strength was also observed after shorter
training periods. For example, WB-EMS superimposed on jumps twice a week over seven
weeks significantly improved leg strength in contrast to normal jump training [10,47,48]. In
the study by Wirtz and colleagues [28], leg flexors strength increased only after combining
stimulation of multiple body parts with loaded squats (100% 10 RM) twice per week and it
was higher three weeks after the six-week training compared to the same training without
stimulation. Dörmann and colleagues [18] showed significant improvements in leg strength
after a four-week, eight-session WB-EMS training program that were similar to those seen
in the control group, which performed the same training that included strength exercises,
without additional stimulation, and in which intensification was accomplished using other
training tools. However, not only leg muscles but also upper body muscles could benefit
from dynamic WB-EMS. Reljic and colleagues [26] observed improvements throughout
the entire body after a 12-week WB-EMS program with slight motions, consisting of two
sessions per week. Our results suggest that even fewer training sessions are beneficial
than previously described, whether or not exercise movements are performed during
stimulation, which appears to be due to neural factors. Therefore, not only locally applied
EMS training regimens have the potential to increase strength, but also WB-EMS training
regimens without additional exercise movements.

4.4. Transferability

Benefits from WB-EMS can also be expected, for example, for patients suffering from
sarcopenia, sarcopenic obesity, and low back pain [14]. It might be useful especially for
beginners to start WB-EMS training with a five-week training period without additional
exercise movements to improve basic strength before starting a more challenging exercise
program. WB-EMS without additional exercise movements can be a first access to training
when health conditions do not allow conventional exercises or when a lack of compliance
exists. Relative to WB-EMS, local application appears to be superior in gaining strength [49].
However, the lack of focus on selected zones owing to stimulation of the entire body is
a suggested explanation for the difference [14]. Therefore, only target muscles could be
stimulated and not all available electrodes could be used, even if an electrode suit is worn,
or zones could be stimulated in an individual order.

4.5. Limitations

We have shown that the effect of WB-EMS on strength gains is independent of the
concomitant exercise movements. Nevertheless, some limitations need to be acknowledged.
A test of core strength would have been useful, as both groups performed core strength
exercises under the same conditions and a higher strength can be expected as observed
in the study by Berger and colleagues [1], although they used a more extensive training
program. Owing to two dropouts, the group sizes were slightly different, which affected
the comparison. Furthermore, the strength gains of the dynamically trained muscles
might have been underestimated, since only isometric strength was tested. It must also
be mentioned that the increase in strength might have been influenced by deviations from
the predefined number of training sessions. To evaluate the intensity of the movement
sequences, an unstimulated group could have been used. Furthermore, an inactive group
could have been used as a reference for the interventions. However, the study focused on
the comparison between the EMS application without and the application with concurring
exercise movements. When using WB-EMS training technology, the load parameters must
be set with care to avoid unintended side effects, particularly during the first sessions of
novices when adaptation to the load has not yet occurred in the form of the “repeated bout
effect” [50].
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5. Conclusions

WB-EMS training without accompanying movement exercises leads to substantial
strength gains even during a short WB-EMS training period. At the beginning of WB-EMS
training, electromyostimulation is more important for strength gains than active exercise
movements. Therefore, future studies should examine the effects of exercise movements
during long-term training periods, or consider individuals already adapted to WB-EMS
training or strength training. The transferability of the results to a collective experienced
with WB-EMS or strength training should be questioned, as movements (and maybe other
approaches, e.g., additional mass or complicating tasks) may become more relevant when
initial adaptations to training are exhausted. Since the training effort with WB-EMS is low,
people with health restrictions, beginners without experience in strength training, and
those returning to training might benefit from these results. These groups could refrain
from exercise movements during the first WB-EMS training sessions and integrate them
during the course of the subsequent training.
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Abstract: This study investigated the effects of combined aerobic and heavy resistance training on
the variables of body composition, muscle hypertrophy, and exercise satisfaction in physically active
adults in comparison with heavy resistance training only (predominantly designed for hypertrophy).
Twenty-two healthy male adults between the ages of 18 and 35, who had limited previous experience
with muscle resistance training, participated in the intervention program while maintaining their
physical activity level. The participants were randomly allocated into two groups: the resistance train-
ing group (control group) and the combined training group (experimental group), which involved
both resistance training and aerobic training. Aerobic training consisted of 30 min aerobic interval
training sessions three times a week with a total of 8 min work bouts in each at 60–70% of heart
rate reserve (HRR). The intervention training program lasted for eight weeks. Resistance training
consisted of a 3-day muscle group split (2–3 exercises per muscle group, 8 sets per muscle group,
6–12 repetition maximum (RM). Upon completion, body composition, muscle hypertrophy, and
exercise satisfaction were analyzed using the mixed-design ANOVA. Variables selected for this study
as markers of body composition responded differently to the different interventions and time; how-
ever, some trends were not statistically significant. Overall, it is not possible to state unequivocally
that one training modality was superior to another in the body composition cluster, for significant
improvements were observed within the groups from pre- to post-interventions, but no significant
differences were observed between the resistance training and combined training groups, while, both
interventions showed improvement with time in some variables of muscle hypertrophy. Compared
to baseline, the exercise satisfaction post-intervention improved within the groups. From pre- to
post-testing, both resistance and combined training groups improved exercise satisfaction (p < 0.05 in
both groups). However, there was no significant difference in exercise satisfaction observed between
the resistance training and combined training groups after the training intervention (p > 0.05).

Keywords: heavy resistance training; aerobic training; body composition; muscle hypertrophy;
exercise satisfaction; physically active adults
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1. Introduction

Muscle hypertrophy results in an increase in the human metabolism rate [1]. The
metabolic rate of muscle is estimated to be around 10 to 15 kcal/kg per day, which is
equivalent to approximately 4.5 to 7.0 kcal/lbs per day [2]. Studies of physical activity and
strength training interventions (lasting from 8 to 52 weeks) showed an increase in muscle
mass of about 2.2 to 4.5 lbs [3,4]. This indicates that the increase of 4.5 pounds of muscle
mass would increase the resting metabolic rate by about 50 kilocalories per day. Therefore,
greater muscle mass results in a higher energy demand by muscle tissue during physical
activity. Additionally, participating in aerobic endurance training leads to increased caloric
expenditure, which aids in the reduction of body fat [5]. The incorporation of aerobic
endurance training within a weight management plan has been identified as a significant
factor in achieving optimal health-related outcomes [6,7].

Performing aerobic and strength training concurrently is an essential part of physical
training aimed at improving not only health but athletic performance as well [8]. Beyond
the health-related benefits of combining training modalities in one intervention program,
researchers also addressed the fitness-related effects of such combinations. Among the
attempts to increase strength component in view of fitness-related outcomes, a study on
improving power by combining two strength training modalities within one intervention
program proved the efficiency of complex training and its superiority over the traditional
resistance training in Malaysia amateur weightlifters with at least 2 years of competitive
weightlifting experience at the state level [9].

Aerobic endurance exercise is generally thought to have a limited effect on muscle
hypertrophy. This is supported by research suggesting that aerobic exercise activates
catabolic pathways, while anaerobic exercise stimulates anabolic pathways [10]. There are
differences in the intracellular signaling response between the two types of exercises [11,12].
The findings led to the hypothesis of the AMP-activated protein kinase pathway (AMPK)—
phosphatidylinositol 3-kinase (AKT) switch, suggesting that there is a discrepancy in the
signaling responses produced by anaerobic and aerobic exercises, which may not comple-
ment each other to optimize muscular adaptations. AMPK signaling is for the catabolic
pathway and is often associated with aerobic endurance exercises, while AKT signaling
is for the anabolic pathway and is often associated with anaerobic or resistance training
exercises [12]. However, this theory can be overly simplified and leads to misinterpretation.
Multiple studies have shown increased mTOR (mammalian target of rapamycin) activa-
tion following aerobic endurance exercise [13]. At the same time, resistance training has
consistently been found to increase the levels of AMPK [12]. Both aerobic exercise and
resistance exercise have been found to be beneficial for increasing muscle mass, strength,
and function. The question remains whether combining these two types of exercise yields
superior results compared to performing either exercise modality alone.

Some recent studies [14,15] indicated no interference effect of aerobic training when
combined with strength training. One study [14] concluded that concurrent training,
regardless of the exercise order, can be a viable strategy to improve lower-body maximal
strength and total lean mass comparably to resistance-only training with no reference
to muscle hypertrophy. The same study suggests that conventional resistance training
may facilitate increasing strength in concurrent training. No hypertrophy variables were
involved in this study either.

There is limited research on the effects of combining aerobic and resistance exercise on
muscle mass in adults. In one study [16], after 5 weeks of intervention, both the strength
and strength plus endurance training groups experienced a significantly greater increase
in strength (i.e., bench press, biceps curl) and arm cross-sectional area (i.e., the left and
right arms) in comparison to the control (no exercise) group. However, there were no
significant differences between the strength training group and the strength plus endurance
training group. In a small cohort of untrained young males, strength plus endurance
training did not impede strength gains or muscle hypertrophy when compared to strength
training alone.
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Understanding the effects of combined aerobic and resistance exercise on muscle
mass could have important implications for developing beneficial programs that target the
individual’s optimal physiological benefit and satisfaction as well. Therefore, the aim of the
current study is to investigate the effect of combined aerobic exercise and resistance exercise
on muscle-mass-related variables in adults compared to performing resistance training
alone. The objective of the study will be achieved through the following specific aims: to
assess the effects of combined aerobic and heavy resistance training on body composition
and muscle hypertrophy in physically active adults. In addition, the study will also assess
the effect of these training regimens on exercise satisfaction in physically active adults.

2. Methods

2.1. Study Design and Participants

An experimental study design was conducted to investigate the effect of combining
traditional muscle hypertrophy training with aerobic training on muscle mass and other
related variables. The study was conducted in a workout studio in Kuala Lumpur, Malaysia,
and the research protocol was approved by the Universiti Sains Malaysia Human Ethics
Committee Protocol No. USM/JEPeM/19090542.

In this study, a convenience sampling method was applied, and the participants were
randomly assigned to two groups: a control group and an experimental group. The control
group performed traditional muscle hypertrophy training, which included exercises that
targeted specific muscle groups using heavy weights and low repetitions. The experimental
group combined traditional muscle hypertrophy training with aerobic training. Both
groups underwent an 8-week training program, which consisted of three training sessions
per week, with each session lasting approximately one hour. The subjects were monitored
by trained instructors to ensure proper form and technique during each exercise session.

The research inclusion criteria in this study were healthy physically active male adults
between the ages of 18 and 35. The age range was chosen to avoid hormonal factors that
could affect hypertrophy, which typically begins to decline after age 35. Additionally, the
study focused exclusively on male participants to reduce any potential confounding effects
of gender differences in muscle mass and strength.

To ensure that subjects respond homogeneously to hypertrophy training, WHO general
population BMI classification was followed during the subjects’ recruitment; hence the
participants were expected to have a BMI of between 18.5 and 24.9 kg/m2.

The study included participants who were familiar with resistance training and previ-
ously practiced free-weight exercises but had not practiced muscle-hypertrophy-oriented
resistance training before. Their history of involvement was movement and health oriented.
Their previous training volumes (sets per muscle group) were low, not exceeding 1–2 sets
per muscle group per week. This was done to ensure that participants had not previously
developed substantial muscle mass or strength, which could confound the results of the
study. However, the study did include physically active adults who were regularly engaged
in health-related fitness activities and exercised at least 3 times per week for an average of
60 min over the past 6 months. Any participants reported to have sedentary behavior, or a
history of cardiovascular disease were excluded from the study.

2.2. Sample Size Calculation

The sample size for this study was estimated using a statistical power analysis. The
strength was set at 0.80 and the confidence level was set at 95%, which is a common level of
significance in research studies. Based on these parameters, the sample size was calculated
to be 20 participants. However, to account for possible dropouts during the intervention
period (expected to not exceed 20%), 24 subjects were recruited for the study with each
study group containing 12 participants.
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2.3. Study Outcomes

Research variables’ clusters in the study were body composition, muscle hypertrophy,
and exercise satisfaction, which were measured as follows:

Body composition: Data were collected using a Bioimpedance Analysis Machine
(Tanita, Japan). Percentage of fat mass, body mass index, fat mass (kg), and lean body mass
(kg) were calculated. All the procedures were followed by the trained fitness practitioner
as prescribed by the equipment manufacturer’s instructions.

Muscle hypertrophy: Upper and lower limb girths, chest girth (mm), shoulder girth
(mm), waist girth (mm), thigh girth (mm), and hip girth (mm) were measured. To ensure
accuracy, standards from the International Society for the Advancement of Kinanthropom-
etry (ISAK) were followed. All the measurements were conducted with body and limbs
relaxed, with no residual effects from the previous/last resistance training session.

Exercise satisfaction scale: An 8-item version of the Physical Activity Enjoyment Scale
(PACES) from [17] that provided a valid instrument for assessing enjoyment in physical
activity was distributed among the participants. The questionnaire was duly validated for
Malaysian participants [18].

Respondents were asked to rate “how you feel at the moment about the physical activ-
ity you have been doing” using a 7-point Likert scale (1 = un-pleasurable; 7 = pleasurable).
Two items were reverse-coded. The sum of all the items forms a unidimensional measure
of enjoyment. Higher values reflect greater levels of enjoyment.

2.4. Training Intervention

Intervention protocols included classic hypertrophy-oriented resistance training alone
and a combination of hypertrophy-oriented resistance training with aerobic training. Both
groups underwent orientation (familiarization) to learn exercise techniques, familiarize
themselves with exercise intensity, and set realistic training expectations. A briefing on
suggested meals was also arranged. In the control group, the training protocol included
3 sessions per week, 45–60 min per session (Tables 1–3).

Table 1. Session/Day 1. 45–60 min per session. Used in both experimental and control groups.

Exercise Reps Rest Interval Sets

Squats 10–12 RM 60 s 4

Romanian Deadlifts 10–12 RM 60 s 4

Leg Press/Leg Extension 10–12 RM 60 s 4

Table 2. Session/Day 2. 45–60 min per session. Used in both experimental and control groups.

Exercise Reps Rest Interval Sets

Bench Press 10–12 RM 60 s 4

Incline Chest Press 10–12 RM 60 s 4

Shoulder Press 10–12 RM 60 s 4

Upright Row 10–12 RM 60 s 4

Lying Triceps Extension 10–12 RM 60 s 3

Training exercises included the use of barbells and dumbbells. To ensure maximal
safety for the participants, particularly those without previous hypertrophy/heavy weights
experience, 1 RM testing and subsequent conversions were replaced by the practical
weight selection approach, whereby to determine the load to be lifted for 10 RM, we were
determined the load at which the participant could do 10 RM. Instructors involved in the
study observed and ensured that the last repetition was coming 1–2 reps before muscle
fatigue/failure.
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Table 3. Session/Day 3 45–60 min per session. Used in both experimental and control groups.

Exercise Reps Rest Interval Sets

Bent-over Row 10–12 RM 60 s 4

Lat Pull-down 10–12 RM 60 s 4

Seated Low Row 10–12 RM 60 s 4

Biceps Curl 10–12 RM 60 s 3

Progression (when necessary) was ensured through the application of the same practi-
cal approach on the weights lifted, through the adjustments of the weight to ensure that
the same RM is maintained post-progression.

Experimental group (Resistance + Aerobic) training intervention protocol included
3 sessions of resistance training per week plus 3 sessions of aerobic training of 30 min total
duration (Table 4).

Table 4. Interval Aerobic Training. 30–35 min total duration per session three times a week.

Work Intensity
Work

Duration
Recovery
Intensity

Recovery
Duration

Rounds

Warm-up Up to 60% HRR 5 min

Jog 60–70% HRR 2 min 50–60% HRR 4 min 4

Cool-down 5 min

This protocol was used in the experimental training group only. Resistance training
was the same as with control group sessions.

As the above shows, the research protocol used in the training intervention for the
combined training (experimental) group was 90 min per week longer in duration than the
intervention protocol for the resistance (control) training group.

Counting the work bouts per session, however (with each work bout per aerobic
training session being 8 min), the workload difference between sessions in the two protocols
was 24 min per week. The rest of the time was spent in warm-up, cool-down, and rest
intervals (all at <60% of HRR).

2.5. Data Analysis

The normality distribution of the study parameter scores was examined using the
histogram plot and the Kolmogorov–Smirnov test for inferential statistics, and the scores
were found to be normally distributed (p > 0.05), requiring the use of a parametric test. The
data are presented as mean and standard deviation for continuous variables and frequency
and percentage for categorical variables. The mixed-design ANOVA was performed to
determine the mean differences of the study parameters between group effects (control and
intervention groups), within-group effects (across time), and the interaction effect (group
× time). All statistical analyses were performed using the Statistical Product and Service
Solution (SPSS) version 27. The level of statistical significance was set at a p-value of <0.05.

3. Results

A total of 24 participants took part in the study, 12 who were to receive resistance
hypertrophy-focused training only, and 12 who were to receive combined resistance and
aerobic training. Out of the original 24 participants recruited to the study, one participant
from each group discontinued (due to the non-adherence to the intervention program)
their participation in the intervention program, hence 22 (11 participants per group) were
eventually analyzed statistically (Figure 1).

103



Healthcare 2023, 11, 2443

Figure 1. CONSORT flowchart of the study.

The participants had a mean age and mean height of 26.68 (SD = 4.34) and
172.00 (SD = 5.94), respectively.

3.1. Effects of Resistance Training & Combined Training on Body Composition

Analyzing the within-group effect, there were no significant differences observed in
the resistance training group, whereas the combined group exhibited significant changes in
some variables.

Weight loss was observed from the mid- to post-test (p = 0.006) period, signifying
those participants lost weight due to the intervention training (Table 5).

Within-group changes were observed in body fat percentage, including a significant
(p = 0.003) and (p = 0.016) reduction in the fat percentage from pre- to mid-intervention and
pre- to post-intervention, respectively, in the combined training group (Table 5).

The dynamics of the fat mass data included within-group improvements in the fat
mass, namely the significant (p = 0.007) and (p = 0.021) reduction in the fat mass from pre-
to mid-intervention and pre- to post-intervention, respectively, in the combined training
group (Table 5) with no significant changes observed in the resistance training group.

Lean body mass fitted into a similar dynamic with significant improvements observed
from pre- to mid-intervention (p = 0.001) and from pre- to post-intervention (p = 0.015)
assessments (Table 5).

No significant interactions between groups were observed in the body composition
variables at any measurement point in this study.
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Table 5. Resistance Group and Combined Group within-group effect in body composition variables
(Time effect).

Variable

Pre-Intervention
p-

Value

Mid-Intervention
p-

Value

Post-Intervention
p-

ValueMean ± SD
MD

(95% CI)
Mean ± SD

MD
(95% CI)

Mean ± SD
MD

(95% CI)

Body Weight (kg)

Resistance 71.6 ± 12.2 −0.42
(−1.49, 0.65) 0.42 72.1 ± 13.3 0.17

(−0.60, 0.94) 0.64 71.9 ± 13.2 −0.25
(−1.85, 1.35) 0.75

Combined 83.1 ± 13.2 0.1
(−1.1, 1.4) 0.8 82.9 ± 12.8 1.3

(0.4, 2.2) 0.006 * 81.6 ± 11.6 1.5
(−0.3, 3.3) 0.1

Body Fat (%)

Resistance 21.5 ± 5.5 0.62
(−0.38, 1.61) 0.2 20.9 ± 5.8 0.12

(−0.93, 1.17) 0.81 20.7 ± 5.99 0.74 (−0.92,
2.39) 0.36

Combined 23.8 ± 8.8 1.8
(0.7, 3.0) 0.003 * 21.9 ± 9.1 0.5

(−0.6, 1.8) 0.32 21.3 ± 7.7 2.46
(0.5, 4.4) 0.016 *

Fat Mass (kg)

Resistance 15.8 ± 6.2 0.20
(−0.76, 1.16) 0.67 15.6 ± 6.99 0.09

(−1.02, 1.21) 0.86 15.4 ± 7.4 0.29
(−1.54, 2.12) 0.74

Combined 19.3 ± 8.9 1.6
(0.5, 2.7) 0.007 * 19.0 ± 9.7 0.9

(−0.3, 2.2) 0.14 18.1 ± 8.1 2.59
(0.4, 4.7) 0.021 *

Lean Body Mass (kg)

Resistance 55.8 ± 7.2 −0.63
(−1.29, 0.04) 0.06 56.4 ± 6.98 0.09

(−0.51, 0.70) 0.75 56.3 ± 6.6 −0.54
(−1.25, 0.17) 0.13

Combined 62.4 ± 6.1 −1.4
(−2.2, −0.6) 0.001 * 63.9 ± 6.2 0.3

(−0.3, 1.1) 0.26 63.5 ± 5.7 −1.1
(−1.9, −0.2) 0.01 *

* Denotes significant differences. MD: Mean deviation; SD: Standard deviation, CI: Confidence interval

3.2. Effects of Resistance Training and Combined Training on Muscle Hypertrophy

Among the muscle hypertrophy variables, chest girth improved from pre- to post-
intervention testing for resistance and combined training (p = 0.029 and p = 0.004, respec-
tively) (Table 6).

Table 6. Resistance Group and Combined Group within-group effect in muscle hypertrophy variables
(Time effect).

Variable Group
Pre-Intervention Post-Intervention

p-Values
Mean ± SD 95% CI Mean ± SD 95% CI

Chest Girth
(cm)

Resistance 96.18 ± 8.10 91.70, 100.66 98.00 ± 8.60 93.14, 102.87 0.029 *
Combined 101.73 ± 5.98 97.25, 106.21 104.00 ± 6.77 99.36, 109.09 0.004 *

Shoulder Girth
(cm)

Resistance 112.91 ± 7.97 108.41, 117.41 115.82 ± 7.72 110.81, 120.83 0.002 *
Combined 121.09 ± 6.23 116.59, 125.59 122.00 ± 8.21 116.99, 127.01 0.284

Waist Girth
(cm)

Resistance 81.14 ± 8.00 76.08, 86.19 82.55 ± 8.04 77.80, 87.29 0.122
Combined 88.64 ± 8.06 83.58, 93.69 88.14 ± 7.01 83.39, 92.88 0.573

Thigh Girth
(cm)

Resistance 60.96 ± 9.79 55.97, 65.94 61.36 ± 9.54 56.38, 66.35 0.477
Combined 62.64 ± 5.48 57.65, 67.63 64.46 ± 5.87 59.47, 69.44 0.004 *

Hip Girth
(cm)

Resistance 97.18 ± 8.71 92.17, 102.19 98.64 ± 8.97 93.52, 103.75 0.009 *
Combined 103.82 ± 7.14 98.81, 108.83 103.46 ± 7.20 98.34, 108.57 0.477

* p ≤ 0.05.

Shoulder girth and hip girth improved significantly only in the resistance training
group (p = 0.002 and p = 0.009 respectively) with no improvements in the combined group
(Table 6).

Thigh girth, on the contrary, improved in the combined training group (p = 0.004) with
no improvement of this variable observed in the resistance training group (Table 6).
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No significant interactions between groups were observed in the muscle hypertrophy
variables at any measurement point in this study.

3.3. Effects of Resistance Training and Combined Training on Exercise Satisfaction

Exercise satisfaction improved from the pre-test to post-test periods within the groups.
Both resistance training and combined training groups showed improved satisfaction
from pre- to post-testing (Table 7). There was, however, no significant difference observed
between the groups (resistance training versus combined training) before the intervention
and after training.

Table 7. Resistance Group and Combined Group within-group effect in exercise satisfaction (Time effect).

Variable Group
Pre-Intervention Post-Intervention

p-Values
Mean ± SD (95% CI) Mean ± SD (95% CI)

Exercise
satisfaction

Resistance 37.46 ± 9.94 (31.94, 42.97) 48.91 ± 6.43 (45.38, 52.44) <0.001 *

Combined 37.36 ± 7.40 (31.85, 42.88) 50.36 ± 4.65 (46.84, 53.89) <0.001 *
* p ≤ 0.05.

4. Discussion

Among the body composition variables, significant weight reductions observed in the
combined group could be possibly related to the higher caloric expenditures during training
with the said group, which were facilitated by the additional aerobic training component.
The first 4 weeks of training possibly served as a cumulation time for the adaptations,
which materialized and became noticeable later, between weeks 4 and 8. Previous research
has demonstrated that a combination of aerobic and resistance exercise is quite beneficial
in helping individuals lose weight [19–21].

At the same time, neither of the training programs proved more beneficial than the
other in body weight loss/gain. It is possible that 8 weeks of training was not long enough
to widen the observed changes and to produce significant differences between the groups
in terms of body weight. Had the intervention period been longer, such differences could
have become significant. The compliance, however, could be compromised by longer
intervention and may have led to more participants discontinuing training toward the
completion of the intervention. Previous studies used a longer intervention duration
than 12 weeks [21], yielding mixed results that were significant in some studies [22] but
not in others [23]. In the present study, we were targeting the best balance between the
optimal intervention duration and the best possible training program adherence. So optimal
outcomes could be achieved with minimum possible training program non-compliance.

Comparing the effects of resistance training and combined training on body fat, the
latter brought some noticeable improvements; however, the difference between groups did
not reach the desired level of significance. Earlier studies found that the combined group
lost more body fat than the resistance training group [21,24,25].

In the current study, body fat improved more in the first 4 weeks of the intervention
in the combined training group, whereas body weight reduced significantly in the second
part of the intervention in the combined training group. Regardless, by linking these
two variables, it becomes obvious that the observed significant weight reduction in the
combined training group was due to significant reduction in body fat.

There was a significant mean difference in fat mass with time (p = 0.044). Some
statistically significant improvements were observed within the combined group from pre-
to mid-testing (p = 0.007) and from pre- to post-testing (p = 0.021).

There was, however, no significant mean difference in fat mass between the resis-
tance training group and the combined training group. However, compared to past
studies [21,26,27], the results reveal that the combined group reduced more body fat
than the resistance training group.

106



Healthcare 2023, 11, 2443

Lean body mass improved from the pre-test to mid-test (p = 0.001) periods and from
the pre-test to post-test (p = 0.015) periods within the combined training group. Resis-
tance training alone did not facilitate any improvements from pre-training to mid-training
and from mid-training to post-training; however, some close to statistical significance
levels of lean body mass were observed from pre- to mid-tests in the resistance training
group. Hence, adding aerobic components to resistance training significantly influenced
the improvement in lean body mass, which is in line with earlier studies [28].

Among the muscle hypertrophy variables, there were mixed effects and improvements
for both the resistance training and combined training groups. Namely, shoulder and hip
girth were improved by resistance training, whereas thigh girth improved in the combined
group only and chest girth improved as the result of training in both groups.

The observed improvements in chest girth can be attributed to various mechanisms.
Some improvements can be related to the possible chest expansion facilitated using ex-
ercises like barbell pullovers, wide grip bench presses, and others in resistance training
programs [29]. In our study, however, we cannot detect this mechanism since no increase
in pectoralis mass was seen as such. The second mechanism can be related to the increased
volumes of aerobic training in the combined group, leading to a possible increase in chest
expansion [30,31]. That too, however, cannot be confirmed within the framework of the
current study and using current research measurement instruments.

Resistance training resulted in increased shoulder girth, demonstrating the benefits of
such a training modality. Traditional resistance training may be more efficient if the specific
objective is to improve muscle hypertrophy as opposed to more functional kinds of exercise
that just result in increases in shoulder girth [32,33].

In common with past research [21,34,35], the findings show that combined training
increases thigh girth more than resistance training.

In terms of hip girth, the resistance training group showed a greater improvement,
and this training modality looks more effective than combined training for this variable
(although statistically insignificant). As mentioned earlier, a previous study reported that
combining the two different training strategies may compromise muscle hypertrophy [34].

In the exercise satisfaction analysis, there was no significant mean difference in exer-
cise satisfaction between the resistance training group and the combined training group.
Similarly, although the means of exercise satisfaction were slightly higher at the end of
the training intervention in the combined training group, the differences were not statisti-
cally significant.

Exercise satisfaction improving because of various training modalities is well docu-
mented [36,37]. The results of this study confirm an increase in exercise satisfaction in the
resistance training group, indirectly suggesting that the training program was enjoyable as
such and that training outcomes were achieved. However, adding the aerobic component to
the resistance training didn’t alter the attitude to training and satisfaction of the exercisers.
The program remained satisfying and enjoyable, with training objectives being achieved
as well.

Limitations of the Study

Although the study was carefully designed and executed, it is important to acknowl-
edge some limitations that could affect the generalizability of the study results. One such
limitation of the study is the relatively small sample size. Although the sample size was
carefully calculated using a statistical power analysis, a larger sample size could have
increased the statistical power of the study and reduced the possibility of type II errors.
Additionally, a larger sample size may have increased the generalizability of the study
results to other populations.

Another limitation of the study is that objective methods to measure muscle mass
directly were not used to assess muscle hypertrophy. Instead, the study used indirect
measures of muscle mass, such as circumferences, which are prone to measurement error.
Although the study used standardized techniques for taking measurements, objective
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measures such as MRI or DEXA scans could have possibly provided more accurate and
reliable measurements of muscle hypertrophy.

Despite these limitations, the study provides valuable insights into the effects of
combined aerobic and resistance exercise on body composition, muscle hypertrophy, and
exercise satisfaction.

5. Conclusions

Combining heavy resistance training with aerobic training positively influenced the
variables of body composition in physically active males, leading to reduced body weight,
body fat, and fat mass, and increased lean body mass.

Adding aerobic components to muscle-hypertrophy-focused training impacted the
hypertrophy variables too. It led to thigh girth and chest girth improvements in the
combined training group, proving that aerobic training does not oppose the effects of
hypertrophy training and instead can facilitate these if resistance and aerobic training are
combined in the right proportions.

The combination of resistance and aerobic training improves exercise satisfaction,
as does resistance training alone. Hence, such a combination may be useful in solidify-
ing exercise adherence in prolonged exercise interventions, making them more variable
and satisfying.

According to the within-group effects analysis, there were no significant changes
elicited by the resistance training in the control group in any of the body composition
variables assessed in this study. Therefore, eight weeks of resistance hypertrophy-focused
training were not sufficient to enforce the significant changes in the body composition
domain. Among the muscle hypertrophy markers, resistance training resulted in significant
improvements in chest, shoulder, and hip girths. Resistance training also improved the
control group’s level of exercise satisfaction.
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Abstract: Maximal oxygen uptake (
.

VO2max), ventilatory threshold (VT) and respiratory compen-
sation point (RCP) can be used to monitor the training intensity and the race strategy, and the
elucidation of the specificities existing between the sexes can be interesting for coaches and athletes.
The aim of the study was to compare ventilatory threshold (VT), respiratory compensation point
(RCP), and the percentage of the maximal aerobic speed (MAS) that can be maintained in a triathlon
race between sexes. Forty-one triathletes (22 men and 19 women), 42.1 ± 8.4 (26 to 60) years old, that
raced the same Olympic triathlon underwent a cardiorespiratory maximal treadmill test to assess
their VT, RPC, and MAS, and race speed. The maximal oxygen uptake (

.
VO2max) (54.0 ± 5.1 vs.

49.8 ± 7.7 mL/kg/min, p < 0.001) and MAS (17 ± 2 vs. 15 ± 2 km/h, p = 0.001) were significantly
higher in male than in female athletes. Conversely, there were no sex differences according to the
percentage of

.
VO2max reached at VT (74.4 ± 4.9 vs. 76.1 ± 5.4%, p = 0.298) and RCP (89.9 ± 3.6 vs.

90.6 ± 4.0%, p = 0.560). The mean speed during the race did not differ between sexes (12.1 ± 1.7 km/h
and 11.7 ± 1.8 km/h, p = 0.506, respectively). Finally, men performed the running split at a lower
percentage of speed at RCP than women (84.0 ± 8.7 vs. 91.2 ± 7.0%, respectively, p = 0.005). Therefore,
male and female athletes accomplished the running split in an Olympic triathlon distance at distinct
relative intensities, as female athletes run at a higher RCP percentage.

Keywords: ventilatory threshold;
.

VO2max; performance; respiratory compensation point; women

1. Introduction

Over the last few decades, there has been a notable increase in the number of female
athletes [1], reaching its maximum at the 2020 Tokyo Olympics, with over 48% of the
11,300 athletes being women. Thus, the 2020 Tokyo Olympics were the most equal in
terms of sex distribution. Specifically in the triathlon event, the participation of women
has increased considerably during the last decades reaching between 25% and 40% of the
total field [2].

In the triathlon, as in any other endurance sport, the main physiological determinants
of performance are the maximum ability to absorb or utilize oxygen (

.
VO2max), the fraction

of
.

VO2max that might be sustained for long periods of time, and running economy [3].
Among these factors,

.
VO2max is certainly one of the most studied variables [4]. There
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is a relative consensus in the literature that the
.

VO2max is limited by the ability of the
cardiorespiratory system to deliver oxygen to the exercising muscles, and not by the
muscular capacity of extraction [3]. Previous studies have investigated sex differences in
.

VO2max between sedentary, amateur, and elite athletes, and all of them agree that female
athletes present lower values than their male counterparts [5,6]. These differences are
commonly attributed to different factors, such as higher body fat, lower red cell mass
and hemoglobin levels, and lower end-diastolic, end-systolic, stroke volume, and cardiac
output in women [7–9].

Other physiological variables that are commonly used as predictors of endurance
performance are ventilatory thresholds [10]. During an incremental exercise test performed
with the concomitant measurement of

.
VO2, carbon dioxide production (

.
VCO2), and minute

ventilation, two distinct thresholds were identified [11]. The first, commonly called the
ventilatory threshold (VT), is defined as the highest sustained intensity of exercise for which
the measurement of oxygen uptake can account for the entire energy requirement. The
second, called the respiratory compensation point (RCP), is characterized by the highest
exercise intensity in which the body can buffer hydrogen ions production, preventing their
accumulation [11,12]. There is relative consensus in the literature that the limiting factors
for VT and RCP are peripheral conditions (extraction capacity) [5]. Considering that women
present a greater proportional area of type I muscle fibers and preserve more glycogen than
males, as they use more fatty acids, it is possible that female athletes present different VT
and RCP than males. Although some recent studies have shown that the percentage of
.

VO2max at VT and RCP varies significantly between the sexes [13–15], the actual literature
data are conflicting [5].

Considering that the speed of runs associated with
.

VO2max, VT, and RCP can be used
to monitor the training intensity and the race strategy [15], the elucidation of the specificities
existing between the sexes can be interesting for coaches and athletes. Therefore, the aim
of this study was to compare male and female athletes according to VT, RCP, and the
percentage of the maximal aerobic speed that athletes can run in a triathlon race.

2. Materials and Methods

2.1. Participants and Study Design

Participant recruitment was carried out through direct contact with triathlon trainers
and social media. Forty-one athletes participated in the study (22 male and 19 female).
The male athletes were 41.4 ± 9.2 years old, 74.1 ± 6.9 kg and 174.2 ± 7.0 cm, and the
female athletes were 42.8 ± 7.2 years old, 58.7 ± 6.6 kg and 163.9 ± 4.6 cm. The age was not
significantly different between sex groups (p = 0.609) but male athletes were significantly
heavier (p < 0.001) and taller (p < 0.001) than the female athletes. The inclusion criteria
to take part in the study included having at least 3 years triathlon training experience,
and being enrolled in the 32nd International Olympic Triathlon Santos, Brazil (Olympic
distance). The exclusion criteria were not finishing the competition or having any medical
condition that prevented the cardiorespiratory maximum treadmill test.

2.2. Experimental Procedures

All athletes underwent a cardiorespiratory incremental maximal test to determine
.

VO2max, VT, and RCP, in addition to measure the maximal aerobic speed (MAS). All tests
were conducted less than a month before the triathlon race competition between 20 January
and 10 February 2022.

The cardiorespiratory incremental maximal test was performed using a treadmill
(Inbrasport, ATL, Porto Alegre, Brazil) and computer-based metabolic analyzer (Quark,
Rome, Italy). Before each test, the metabolic analyzer was calibrated according to the
manufacturer’s guidelines. All the participants were instructed to avoid vigorous exercises
the day before the test, and to avoid consuming stimulating beverages on the day of the
test, such as coffee or tea. Additionally, the participants completed the Physical Activity
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Readiness Questionnaire (PAR-Q) [16]. Participants who did not answer “YES” to any
of the PAR-Q questions and did not present any contraindication to participation were
enrolled in the study. No-one answered “YES” to any question of the PAR-Q questions.

The test started with a 3 min warm up at 8 km/h, increased by 1 km/h in each minute
until volitional exhaustion. The treadmill was programmed to have a 1% inclination to sim-
ulate the difficulties of open-air running [17]. Each test lasted between 8 and 12 min. Heart
rate was monitored during the whole test using a heart rate monitor (Ambit 2S, Suunto,
Finland), and perceived effort was rated according to the Borg scale (Noble et al., 1983).

The
.

VO2,
.

VCO2, O2 end-tidal pressure (PET O2), CO2 end-tidal pressure (PET CO2),
and minute ventilation (

.
VE), were measured breath-by-breath, and all data were averaged

over 20 s for analysis. VT and RCP were identified through the O2 and CO2 ventilatory
equivalents and end-tidal pressures [18] by two independent investigators. In the case
of discordance about the VT or RCP, a third investigator was consulted to identify these
variables, so that, in all cases, there was agreement regarding the VT and RCP between at
least two investigators. The speed at VT and RCP, in addition to the

.
VO2max percentage at

VT and RCP have been presented. The
.

VO2max was determined as the stabilization of O2
consumption (increase lower than 2.1 mL · kg−1. min−1), even after increasing treadmill
speed [19]. The maximal aerobic speed reached during the test was defined as the minimal
speed eliciting

.
VO2max [20]. All the tests were collected by qualified professionals trained

and experienced in the method.

2.3. Statistical Analysis

Data are presented as the mean and standard deviation. Descriptive analysis was
conducted to evaluate the distribution of the variables. All variables presented normal
distribution and homogeneous variability according to the Shapiro–Wilk and Levene tests,
respectively. Student’s t-test was used to compare the mean values. The SPSS version 21.0
(SPSS, Inc., Chicago, IL, USA) was employed to perform the analysis. The G*Power
version 3.1.9.2 (Franz, Universität Kiel, Germany) was used to determine the sample size
and analyze the test power level. A sample size calculation on the velocity maintained
during the running split, using data from a pilot study (n = 12), which are 11.0 ± 1.0 km/h
for male athletes and 10.2 ± 0.9 km/h for female athletes, showed that 19 athletes in each
group (male or female) were needed to detect a relevant difference with 80% power and a
significance level of 5%. For power level calculation, a t-test family was selected, and mean
values, standard deviations, and effect sizes (Cohen d) were included in the calculation.
The power of the test varies from 0 to 1. Usually, researchers use 0.80 as the power level
of the test [21]. The measurement of the effect size for differences between sexes were
determined by calculating the mean difference between the two sexes, and then dividing
the result by the pooled standard deviation. Calculating effect sizes, the magnitude of
any change was judged according to the following criteria: d < 0.2 considered no effect,
0.2 ≤ d < 0.5 considered a “small” effect size; 0.5 ≤ d < 0.8 represented a “medium” effect
size; and d ≥ 0.8 a “large” effect size [22]. The level of significance was set at p < 0.05.

3. Results

• The absolute and relative to body mass values for
.

VO2max and the maximal aerobic
speed were significantly higher for male than for female athletes. Conversely, there
were no sex differences in the percentage of

.
VO2max reached at VT and RCP. However,

the speeds at VT and RCP were higher in male athletes (Table 1).
• Despite the sex differences according to

.
VO2max, VT, and RCP, the mean speed

maintained during the running split of an Olympic triathlon race was not different
between sexes (p = 0.506, d = 0.23). The running speed during the race was situated
between the speeds associated with VT and RCP for both sexes. However, female
athletes performed the running split at a higher percentage of the speed at the RCP
than male athletes (Table 1).
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Table 1. Comparison between sexes of the descriptive characteristics of athletes.

Male (n = 22) Female (n = 19) p-Value Power (1-ß) Effect Size (d) CI for Effect Size
.

VO2max (L/min) 4.00 ± 0.52 2.89 ± 0.40 <0.001 1.00 2.39 1.3 to 3.4
.

VO2max (mL/kg/min) 54.0 ± 5.1 49.8 ± 7.7 0.047 0.64 0.64 0.1 to 1.2
MAS (km/h) 17 ± 2 15 ± 2 0.001 0.93 1.00 0.6 to 1.4

%
.

VO2 max at VT 74.4 ± 4.9 76.1 ± 5.4 0.298 0.26 0.32 −0.2 to 0.8
Speed at VT (km/h) 11.8 ± 1.1 10.7 ± 1.5 0.021 0.83 0.83 0.3 to 1.4
%

.
VO2 max at RCP 89.9 ± 3.6 90.6 ± 4.0 0.560 0.14 0.18 −0.3 to 0.7

Speed at RCP (km/h) 14.3 ± 1.2 12.8 ± 1.6 0.001 0.95 1.06 0.6 to 1.5
Mean speed in running

split (km/h) 12.1 ± 1.7 11.7 ± 1.8 0.506 0.18 0.23 −0.4 to 0.8

% RCP maintained
during the running split 84.0 ± 8.7 91.2 ± 7.0 0.005 0.88 0.91 0.4 to 1.4

Data are presented as mean ± standard deviation.
.

VO2max: maximal oxygen uptake; MAS: maximal aerobic
speed; VT: ventilatory threshold; RCP: respiratory compensation point; CI: confidence interval.

4. Discussion

The main findings of the present study were the following: (i) female and male
amateur athletes presented similar VT and RCP related to

.
VO2max; (ii) male athletes

presented higher speed at VT and RCP than female athletes; (iii) the mean running speed
maintained during the running split of a triathlon race did not differ between sexes; and
(iv) female athletes maintained the running split at a higher relative intensity considering
the percentage of RCP, than male athletes.

The running split represents approximately 25% of the overall race time of a triathlon
race, although it has been demonstrated to be the main determinant in Olympic distance
triathlon overall performance [23,24] for male and female athletes. Considering the im-
portance of the running split for triathlon performance, several previous studies have
investigated the determinant factors for this split time [25,26]. However, little is known
about sex-related differences.

According to
.

VO2max, which has been defined as the highest rate at which oxygen can
be taken up and utilized by the body during severe exercise [3], the results of the present
study corroborate previous findings that female athletes present lower

.
VO2 max than male

athletes [27]. In the same direction, Puccinelli et al. [13] also showed higher
.

VO2max values
for male than for female triathletes (59.9 ± 6.3 and 49.5 ± 7.8 mL/kg/min, respectively).
The

.
VO2max is limited by central cardiovascular factors [3]; therefore, the smaller cardiac

volume, cardiac output, and the lower hematocrit level, are possibly associated factors to
the lower

.
VO2max for female athletes [28].

Furthermore, the present results showed no sex differences in %
.

VO2max at VT and
RCP. The data on sex differences in VT and RCP are conflicting [5,13]; VT and RCP are
limited by peripheral conditions (e.g., muscle adaptations to aerobic exercises [3,29], such
as increased capillary density, the increased mitochondrial content of muscle, and higher
mitochondrial enzyme levels (i.e., succinate dehydrogenase, NADH dehydrogenase, and
NADH-cytochrome c reductase)). This limitation can be explained because to have the nec-
essary energy to muscular contraction, ATP is converted to ADP and Pi, and the high levels
of ADP and Pi drive metabolic reactions to resynthesize new ATP molecules to continue
the muscular contraction [3]. With few mitochondria in a muscle cell, ADP levels should
increase substantially to reach the ADP demand via aerobic pathways, and high ADP levels
also have a stimulatory effect on phosphofructose kinase (PFK), stimulating glycolysis
via and generating a high demand for carbohydrates as an energetic substrate [3]. In a
muscle with higher mitochondrial content, the ADP level increases less for the same

.
VO2

demand; therefore, there is less PFK stimulus and less carbohydrate turnover, increasing the
possibility of using fat as an energetic substrate, resulting in later lactate formation [3,29].
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Considering that women show a greater proportional area of type I muscle fibers [5],
higher VT and RCP could be expected in female athletes. Indeed, Puccinelli et al. [13]
demonstrated that female amateur athletes presented with higher VT than male athletes. In
addition, Puccinelli et al. [13] selected only amateur triathletes; only 18 women and 39 men
were included in the study. Considering sex differences in the willingness to participate in
certain types of research [5], we cannot exclude the hypothesis that only the best-trained
female athletes volunteered to participate in the study; therefore, the different levels of
training could be a reason for the different %

.
VO2max at VT and RCP, and not the sex

metabolic differences. In a recent review, Besson et al. [5] reported that there were no sex
differences according to %

.
VO2max at ventilatory thresholds. As expected, despite the lack

of sex differences according to the %
.

VO2max at ventilatory thresholds, as the male athletes
presented significantly higher

.
VO2max and MAS, the speed at the ventilatory thresholds

was higher for men than for women.
Furthermore, it is also generally accepted that carbohydrate feeding during prolonged

exercises (longer than 2 h) can maintain the possibility of carbohydrate oxidation and the
prevention of hypoglycemia [30]. Beyond that, a good level of hydration during prolonged
exercise is of fundamental importance, once it has been demonstrated that dehydration
steadily increased body temperature, heart rate, and oxygen uptake for the same speed of
running, worsening the physical performance [31].

The percentage of running speed at RCP that was sustained during the running split
of the triathlon race was significantly higher in the female group. This was an interesting
finding. As women were able to sustain a higher percentage speed at RCP, the average
speed maintained during the race did not differ between the sexes, and consequently the
race time. There are some possible explanations for why a woman can maintain a higher
percentage of RCP speed than a man during a 10 km run. As stated previously, female
athletes showed a greater proportional area of type I fibers. In addition, women can spare
more carbohydrates during exercise, as they are more capable in using fatty acids as an
energetic substrate during aerobic exercises, as documented by Tarnopolsky et al. [32],
who found lower respiratory exchange ratio values were found for women (0.87 × 0.94).
Moreover, despite the lack of evidence, women appear to have some advantage in the
biomechanics of running, especially due to shorter stride length and higher stride frequency,
and consequently, a lower duty factor [33]. Women have also been shown to have a different
neuromotor strategy, which could reduce their fatigability during endurance exercises.
It was suggested that experienced ultra-endurance-trail women were more resistant to
fatigue after ultra-trail running, as they had a lower decrease in maximal voluntary torque
changes in the knee extensors and plantar flexors [34]. These differences make women
more resistant to fatigue during long-term aerobic exercises [5].

In the present study, the swimming and cycling intensities of male and female athletes
were not measured. It is possible that the athletes performed the first division (swimming
and cycling) at different relative intensities, which could have affected the results of the
running split. However, this does not invalidate the result that men and women perform
running splits at different relative intensities. In the present study, the level of hydration
of the athletes and carbohydrate feeding were not evaluated. Considering that a possible
dehydration or hypoglycemia of the athletes can affect sports performance, this can be
considered a limitation of the present study. The authors suggest that future studies should
be developed to assess the relative intensity in which men and women perform the three
triathlon splits.

5. Conclusions

Despite having no difference according to VT and RCP, male and female athletes
performed the running split in an Olympic triathlon distance at different relative effort
intensities, and female athletes ran at a higher relative intensity (i.e., a higher RCP percent-
age). These findings can be useful for coaches and athletes to consider sex differences when
designing the strategy for a triathlon race, which may be different for each sex.
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Abstract: This study aimed to investigate the concurrent validity between online evaluations (OEs)
and face-to-face evaluations (IPEs) of a Senior Fitness Test and two balance tests in people with low
back pain (LBP). Forty participants of 58.48 (9.87) years were included. The 30 s chair stand-up,
arm curl, 2 min step, chair-sit and reach, back scratch, 8 foot up-and-go, sharpened Romberg, and
one-legged stance tests were administrated using both OE and IPE methods. The results indicated
no significant differences (p > 0.05) between the two methods except in the 8-foot up-and-go test
(p = 0.007). Considering the ICC values and Bland-Altman plots, excellent agreement was found for
the chair-sit and reach test, moderate agreement for the arm-curl and 8-foot up-and-go tests, and good
agreement for the other tests. Strong correlations (p < 0.001) were observed in all variables except for
the arm-curl and 8-foot up-and-go tests, where moderate correlations were found (p < 0.05). These
results support the validity of OEs and IPEs in all tests, except for the arm-curl and 8-foot up-and-go
tests, where lower ICC values and moderate correlations were found. However, it is important to
consider the range of fluctuation of the ICC and the significant values obtained through correlations.

Keywords: exercise; physical fitness; pain; patient outcome assessment; online intervention

1. Introduction

Low back pain (LBP) is the main contributor to the overall burden of musculoskeletal
conditions (568 million prevalent cases worldwide, responsible for 47% of global years of
healthy life lost due to disability, YLDs), and neck pain is the fourth (223 million people;
22 million YLDs) [1]. Moreover, LBP is a global health problem [2]. Moreover, this is a
global health problem [2] with a growing prevalence from 377.5 million people in 1990 to
577 million in 2017 and that entailed a health cost in the US of $56.5 and $62.3 thousand
billion annually, respectively, an increase of 112% since 1990 [3].

LBP has a multifactorial and complex pathology that can cause significant limitations
to the activities of daily living [4]. This condition normally produces a decline in the
physical activity level, caused by kinesiophobia or pain-catastrophizing [5]. Consequently,
sedentary behavior could affect patients’ physical fitness, reducing physical function and
strength [6], which may worsen their prognosis. In addition, LBP prevalence increases
with age, and it is related to a higher body mass index, less physical activity, and lower
self-perceived health [7]. Thus, exercise could be a useful tool, as long as there is no medical
contradiction and it is individualized, to prevent and rehabilitate LBP, improving patients’
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quality of life and the ability to perform activities of daily living [8]. Accordingly, to design
an individualized and effective physical exercise intervention, it is necessary to perform
physical fitness tests [9]. In addition, to have as complete a picture as possible of the
person’s clinical condition, it would be advisable to take into account parallel measures,
such as the level of pain through specific assessments [10] or the risk of developing this
LBP and the predictors of this condition [11].

Regarding physical fitness evaluations in people with LBP, the American College of
Sports Medicine (ACSM) recommends the evaluation of cardiorespiratory fitness, strength,
and flexibility [12]. The Senior Fitness Test Battery (SFT) [13] consists of six tests that assess
the strength of lower and upper limbs (arm curl and chair stand tests), the flexibility of the
upper and lower limbs (back scratch and chair sit and reach), cardiorespiratory fitness (the
6 min walking test or the 2 min step test can be used), and agility (8-foot up-and-go test).
Thus, the Senior Fitness test battery (SFT) [13] is a good option to evaluate people with
LBP. However, previous studies suggested that balance could also be evaluated in people
with LBP due to an increased center of pressure sway compared with that in the healthy
controls [14,15]. In this regard, previous studies have included complex and challenging
balance tasks since they are more sensitive in detecting balance impairments in people
with LBP [16,17]. Among these challenging balance tests, the tandem Romberg test and the
one-legged stance test have been proposed as challenging for the LBP population [18].

Considering the current health situation due to COVID-19 [19] and the growth of
telemedicine, taking advantage of the emergence of new technologies and internet access,
physical fitness assessments have considered new ways of monitoring and controlling the
participants´ functionality and physical fitness condition. Previous studies have started
to address this need by assessing patients with multiple sclerosis [20], chronic respiratory
disease [21], cardiac conditions [22], and cancer [23] and even assessments of veterans
during the COVID-19 pandemic using remote physical fitness evaluations [24]. Among
these articles, two were systematic reviews that analyzed the test used remotely [21,22].
However, Hwang, Fan, Bowe, Louis, Bertram, Morris, and Adsett [22] analyzed the most
used physical fitness test remotely used in cardiac conditions (in this case the 6 min walking
test) without analyzing the validity of the remote physical fitness test. In the same line,
Holland, Malaguti, Hoffman, Lahham, Burge, Dowman, May, Bondarenko, Graco, and
Tikellis [21], after performing a systematic review of articles that included at-home, remote,
and face-to-face evaluations of people with pulmonary diseases, concluded that physical
fitness tests are rarely conducted remotely.

Nevertheless, there are studies that have conducted remote assessments of physical
fitness. Among these studies, Blair, Blair, Harding, Herman, Boyce, Demark-Wahnefried,
Davis, Kinney, and Pankratz [23] participants received a toolkit and instructions for set-
ting up the timed-up-and-go and the 30 s chair stand test. However, data are still not
available since it is a protocol study. Differently, the study of Ogawa, Harris, Dufour,
Morey, and Bean [24] determined the inter-rater reliability of three physical fitness tests
performed via a telehealth visit (30 s arm curl test, 30 s chair stand test, 2 min step test)
among community-dwelling older veterans. However, these tests were focused on mobil-
ity or strength, without addressing other relevant capacities for activities of daily living,
such as flexibility, aerobic capacity, or balance. Furthermore, the online evaluations con-
ducted in these previous studies have been employed by using isolated tests without
a comparison and validation between online and face-to-face evaluations. In contrast,
Winters-Stone, et al. [25] reported the validity of the chair stand test and the 4 m usual walk
test, showing acceptable validity when remotely performed for older adults with cancer.
In the same line, Hoenemeyer, et al. [26] reported the reliability and validity of the SFT
(including the sit and reach test, the 30-chair stand test, the back scratch test, the 8-foot
up-and-go test and go test, the timed 8 min walk test, and the 2 min step test) in cancer
survivors and supportive partners. Conclusions highlighted that remote physical fitness
assessments are reliable, valid, acceptable, and safe in these populations.
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Thus, due to the lack of evidence regarding remote physical fitness assessments for
one of the most prevalent conditions [1], such as LBP, as well as the need to compare remote
vs. face-to-face physical fitness assessments, this study aimed to evaluate the validity of a
novel online adaptation of the six functional tests included in the SFT (30 s chair stand-up
test, arm curl test, 2 min step test, chair-sit and reach test, back scratch test, and 8-foot
up-and-go test) and two balance tests (the sharpened Romberg test and the one-legged
stance test). In this regard, the hypothesis was that the validity between the OE and IPE
will range from a good to excellent level of agreement based on the results of a previous
study [26].

2. Materials and Methods

2.1. Study Design and Participants

Considering the sample size calculation performed with the G*Power software 3.1.9.4
(Kiel University, Kiel, Germany), a minimum of 13 people was needed to achieve a 99%
power to detect a significant correlation with an alpha of 0.001. For this purpose, regarding
the different statistical tests presented in G*Power, the bivariate normal model was selected
to correlate two variables analyzed in a former study and also included in the current study.
Data of OEs and IPEs of the 8-foot up-and-go test provided by Hoenemeyer, Cole, Oster,
Pekmezi, Pye, and Demark-Wahnefried [26] were used. Lastly, a convenience sample of
40 people (26 females and 14 males) with LBP were recruited in a Sport Medicine Service
(Alcobendas, Spain) and enrolled in the study before June of 2021 (Figure 1). Since in this
Sport Medicine Service, more than 13 people voluntarily decided to participate in this
validity study, all of them were included for eligibility. Participants randomly performed a
face-to-face (IPE) and an online evaluation (OE) in order to assess the validity of the SFT
and two balance tests (sharpened Romberg test and one-legged stance test).

Figure 1. Flow diagram.

The specialist of the Sport Medicine Service recruited the patients from the LBP
rehabilitation programs of the institution. In this regard, those patients who wanted to
participate and fulfilled the following inclusion criteria were incorporated into the study:
(a) people diagnosed with LBP, (b) people aged between 45 to 75-years-old, and (c) people
without a medical contraindication for exercise. This age range was selected because it
had the highest prevalence of low back pain in the sports medicine service of the city
council. Moreover, the following exclusion criteria were considered: (a) people with other
musculoskeletal or chronic diseases, (b) people without a phone, tablet, or computer with a
camera and internet connection, (c) people injured or operated on in the last month, and
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(d) people with mental disorders unable to understand or execute physical indications.
Concretely, the included participants had persistent pain beyond 3 months of symptoms [27]
and one or more of the following diagnoses: herniated disc(s), scoliosis, spinal stenosis,
and spinal osteoarthritis.

All the procedures were approved by the Research Ethics Committee of the University
of Extremadura (approval reference: 41/2021) according to the ethical standards of the
Declaration of Helsinki. The study was conducted from December 2020 to July 2021. Before
starting the study, all patients were informed of the procedures and signed an informed
consent form.

2.2. Procedures and Assessments

The validity of the SFT and two balance tests were carried out by randomizing the
order of the evaluations according to the modality (face-to-face or online evaluations).
For this process, a series of random numbers was generated using a randomization tool
available on the web (https://www.randomizer.org/ accessed on 8 January 2022) that
allowed the order of the evaluations to be established for each participant. Both evaluation
sessions were developed under the supervision of a physical activity and sports science
professional. Each kind of evaluation was performed by the same evaluator and in the
same order starting with the non-fatiguing test, then the muscular endurance tests, and
ending with the submaximal aerobic capacity test [28]. The two evaluation procedures
were spaced by a 2-week period.

The SFT [13] has been chosen as it is widely used in clinical and research settings and
has the ability to be performed easily and cheaply in homes or clinics without extensive
technical expertise. The six physical fitness tests included in the SFT [13] were as follows:
30 s chair stand-up test, arm curl test, 2 min step test, chair-sit and reach test, back scratch
test and 8-foot up-and-go test. Furthermore, since the balance evaluation of the challenging
balance test is recommended for people with LBP, two validated balance tests (sharpened
Romberg test and one-legged stance test) were included [29,30]. Two balance tests were
evaluated since the one-legged stance test is more complex than the sharpened Romberg
test. By introducing two levels of difficulty, more complete information about participants’
balance was obtained.

However, the arm curl test, chair-sit and reach test, and back scratch were adapted to
be self-administrated (see Table 1). Before the evaluations, independently of the assessment
modalities (OE or IPE), the professional explained to participants how to perform the tests.
In this regard, the main differences between the types of evaluation were as follows: (1) the
professional and participant setting, and (2) the way to collect participants’ results. In the
IPE, the professional was next to the participants, with the material selected and placed,
making the corresponding explanations and noting down the results that he measured.
Whereas in the OE, the professional and the participant were connected by a video call.
Following the professional instructions, the participant placed and prepared the necessary
material, and after performing the test, the participants registered the results. During the
tests, the professional indicated to the participant to position the camera in front of him or
her at hip level and far enough away to be able to see the participant completely.
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Table 1. Physical and measurement adaptations in the face-to-face and online evaluations for test
self-administration.

Original Measure
Adaptions for the

Face-to-Face Evaluation
Adaptions for the Online Evaluation

30 s Chair Stand-Up Test [13] Same as original
Participants controlled the stopwatch by starting the test at

second 10 and finishing it at second 40.
Repetitions were counted by participants.

Arm Curl Test [13]

The weight was added to a sturdy cloth or plastic bag until 2.300 kg and 3.600 kg was reached
(e.g., packets of rice, nuts, yogurt, etc.).

Participants controlled the stopwatch by starting the test at
second 10 and finishing it at second 40.

Repetitions were counted by participants.

2-min Step Test in Place [13] Same as original Repetitions were counted by participants.
Time was controlled by each participant.

Chair-sit and Reach Test [13] Same as original

A light object, such as a ruler, was held with both hands by the
participants.

Participants positioned the end of the object touching the toe
tips and slid their hands elongating the trunk.

The score was obtained by measuring the distance between the
fingertip and the end of the object.

Back Scratch Test [13] Same as original

A light object, such as a ruler, was held with the upper hand
until the end touched the fingertip of the lower hand.
The upper hand slid in the object as low as possible.

The score was obtained by measuring the distance between the
fingertip and the end of the object.

8-Foot Up-and-go Test [13] Same as original Participants started and stopped their stopwatch holding it
during the test.

Sharpened Romberg Test [31] Same as original Participants controlled the stopwatch by pressing start and stop
finishing the test when 60 s was reached or balance was lost.

One-Legged Stance Test [32] Same as original Participants controlled the stopwatch by pressing start and stop
finishing the test when 60 s was reached or balance was lost.

2.3. Demographic Information and Quality of Life

Information regarding age, sex, body mass, and height parameters was collected.
The Body Mass Index (BMI) calculation (kg/m2) was conducted through bodyweight
divided by squared height [BMI = weight (kg)/height (m2)]. Furthermore, the physical
and psychosocial states were registered using the EuroQol-5D (EQ-5D-3L) questionnaire.
The questionnaire was composed of 5 dimensions concerning mobility, self-care, activities
of daily life, pain, and anxiety/depression [33]. Participants had three levels of scoring
options ranging from 1 to 3, being option 1 “I have no problems doing my usual activities”
and option three “I am unable to do my usual activities”. In addition, the questionnaire
included a Visual Analogue Scale (VAS) in order to self-report the current health state. The
VAS is rated from 0 to 100, where higher scores reflect a better health state [33]. The Spanish
EQ-5D (3L) version was used [34]. This questionnaire has been employed before to assess
the quality of life of chronic back pain patients [7].

2.3.1. The 30 s Chair Stand-Up Test

The participant started the test sitting in the middle of a chair approximately 43 cm
from the floor, with the back or legs of the chair against the wall to avoid possible move-
ments [13]. The test began with the participant standing with his or her back straight,
feet flat on the floor, and arms crossed over the chest. In the IPE, at the signal “go”, the
participant had to stand up and sit down from the chair as many times as possible for
30 s [13]. In the OE, the participants, with a stopwatch, started the test at second 10 and
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finished it at second 40. The final score was the number of times the participant managed
to stand up. The test aimed to assess the strength-endurance of the lower limbs. The
performance was measured equally in both test modalities. In the IPE, the professional was
the one who counted the repetitions, whereas in the OE, the participant was the one who
did it.

2.3.2. Arm Curl Test

The participant began seated in the same chair as in the previous test, without armrests,
with their back straight, feet flat on the floor, and the body part of the dominant arm with
which he/she performed the test at the end of the chair [13]. The weight selected for
the test was 2.300 kg for women and 3.600 kg for men [13]. For this purpose, in both
evaluation modalities, the participants added contents to a sturdy cloth or plastic bag
until the required weight was reached (e.g., packets of rice, nuts, yogurt, etc.). Although
participants were well instructed to place the number of packages needed to reach the
weight set in the arm curl test evaluation, it is possible that there may have been slight
variations in the total weight incorporated. In the IPE, the test started with the participant
holding the weight with his dominant hand and the elbow in extension. To complete the
exercise, the participant should flex the elbow and return to full extension of the elbow as
many times as possible within 30 s. In the OE, the participants started in the same position,
but, with a stopwatch, they started the test at second 10 and finished it at second 40. The
performance was measured equally in both test modalities. In the IPE, the professional
noted the repetitions performed by the participants, while in the OE the participants
counted their own repetitions. The objective was to assess upper limb strength.

2.3.3. 2 Min Step Test in Place

At the signal “go”, the participant started to walk in place by raising the knees until
the knees reached the midpoint between the knee and the iliac crest [13]. The number of
times the participant raised the knee of the dominant leg for 2 min was recorded [13]. The
objective was to assess aerobic endurance. The test was carried out equally in both evalu-
ation modalities, although in the IPE, the professional reported participants’ repetitions,
whereas in the OE, the participants counted their own repetitions. Moreover, the 2 min was
controlled by the professional in the IPE and by the participant in the OE.

2.3.4. Chair-Sit and Reach Test

The participant was seated on the edge of the chair used in the previous tests and
stretched the preferred leg, and the other leg was kept flexed in front of the hip. In the OE,
he/she grasped the end of a light, rigid object, e.g., a pen or a ruler, and held it with both
hands, fingers outstretched and palms facing each other. The arms remained outstretched
with hands together. The participant elongated the trunk by bending the hips with the
intention of touching the toe of the outstretched leg. Participants were instructed to stretch
the leg parallel to the flexed leg to avoid any hip abduction movements that could interfere
with the correct assessment of truck flexibility. In this position, the participant stretched out
his arms to their full length holding the object with its major axis parallel to the leg until the
end of the object touched the toe. Once this was achieved, the participant simultaneously
slid their hands in the object as close to the foot as possible. After stretching as much as
possible, the participant was instructed to keep one hand at the maximum point reached.
Then, with the other hand, using a ruler or a meter, each participant measured the distance
between the end of the object and the fingertips of the hand. In contrast, in the IPE, the
original test of the Senior Fitness Test battery was followed [13], so that the participant
performed the same procedure as in the OE but without holding an object and keeping
his or her hands together and at the same level during the whole test [13]. Therefore, the
professional measured the distance reached between the fingertips.

The scoring of both modalities followed the same instructions. If they passed with the
fingers, the score had a positive sign (+X cm), if the fingers touched the tip of the toe the
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scoring was 0 cm, and if they did not reach it, a negative sign before the number was added
(−X cm). The objective was to assess the flexibility of the lower body.

2.3.5. Back Scratch Test

In both types of evaluations, the participant was standing with the hand of his/her
dominant arm on the same shoulder intending to touch his/her back, from above. In the
OE, the dominant hand, outstretched, held an object (e.g., a pen), while the other arm was
placed behind the back around the waist with the palm of the hand pointing outwards (in
line with the object of the dominant hand). In this way, the end of the object tried to touch
the tip of the middle finger of the down hand by adjusting the length of the object left free
from the upper hand. As in the previous test, the professional indicated to the participants
to keep one hand at the maximum point reached in the object and measured the distance
from the tip of the finger of the upper hand and the end of the object. Unlike that, in the
IPE, the upper hand of the patient kept its fingers directed downwards and completely
stretched trying to reach the fingertip of the other hand, without employing an object [13].
In this case, the professional measured the distance between the tips of the middle fingers.
The objective was to assess upper limb flexibility.

The scoring of both modalities followed the same instructions. If they passed, the
score had a positive sign (+X cm), if the fingertips of both hands touched each other, the
scoring was 0 cm, and if they did not reach it, a negative sign before the number was added
(−X cm). The objective was to assess the flexibility of the upper body.

2.3.6. Eight-Foot Up-and-Go Test

Before starting, a chair was placed against the wall, and a cone (or visible mark) was
set at a distance of about 2.44 m in a straight line from the back of the chair [13]. At the
signal “go”, the participant got up from the chair, without leaning on it, walked to the
cone, went around it, and sat back in the chair [13]. The time elapsed between the “go”
signal and the moment when the participant sat down on the chair was recorded utilizing
a stopwatch. In the IPE, the professional was responsible for controlling the stopwatch,
whereas in the OE, the participants started and stopped their stopwatch. In this modality,
they were instructed to hold the stopwatch during the test to press the buttons as fast as
possible. The aim was to assess agility and dynamic balance.

2.3.7. Sharpened Romberg Test

The test was carried out in a tandem position [30,31]. The participant placed the heel
of one foot in contact with the toe of his or her other foot. The time reached in this position
was recorded, the test ended when the participant lost his/her balance or when 60 s on the
position was reached. In the IPE, the professional started and stopped the stopwatch when
the balance was lost or at 60 s, and in the OE modality, the patient controlled it by holding
the stopwatch [30,31].

2.3.8. One-Legged Stance Test

The participant made the test with the dominant leg and stood with hands on hips. At
the signal “go”, he/she lifted their feet off the ground and placed this leg with the knee
flexed in front of him/her. They had to keep their balance for as long as possible. The
time that he/she held on without touching the ground with the knee flexed was recorded.
The maximum time of the test was 60 s. In the IPE, the professional was responsible
for controlling the stopwatch, whereas in the OE modality, the participant started and
stropped their own stopwatch by holding it in the hand. The aim was to assess static
balance [29,32]. This balance test was proposed since challenging balance task are more
sensitive in detecting balance impairments in people with LBP [16,17] than easier ones.
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2.4. Statistical Analytics

The Statistical Package for Social Science (version 25.0; SPSS, Inc., IBM Corp, Armonk,
New York, NY, USA) was used to conduct the statistical analyses. Data are presented
as the mean and standard deviation (SD) from each evaluation modality and from the
difference between modality mean results. The explained statistical analysis procedures
were performed based on the global sample size, as well as by dividing the participants
according to their sex. The alpha level of significance was set at <0.05.

Furthermore, parametric and non-parametric tests were conducted based on the
Shapiro–Wilk results. Validity is a multicomponent concept that assesses to what extent
a tool measures what it is intended to measure [35]. Criterion validity is an estimate of
the extent to which a measure agrees with a gold standard, and it is possible to evaluate
by statistically testing a new measurement technique against an independent criterion
or standard (concurrent validity) [36]. For this reason, to explore the concurrent validity,
the performance differences between the evaluation modalities (IPE and OE), the one
sample t-test or one-sample Wilcoxon signed rank test was used. In the same vein, the
intraclass correlation coefficient (ICC) of two-way mixed effects, consistency, and single
rater/measurement [37] were calculated to assess the level of agreement between OE
and the IPE results. ICC values less than 0.50 are indicative of poor agreement, values
between 0.5 and 0.75 indicate moderate agreement, values between 0.75 and 0.90 indicate
good agreement, and values greater than 0.90 indicate excellent agreement [38]. Moreover,
Bland-Altman plots were performed to illustrate the agreement between the OE and IPE
scores [39] to provide the limits of agreement and bias, following the procedure proposed
by Giavarina [40]. The software Graphpad Prism 8.0 was used to create the graphs. Lastly,
the correlations between the tests of the two measurement methods were analyzed, and
Cohen’s recommendations [41] were followed to interpret the correlation coefficient. A
score ≥0.5 was strong, it was moderate if the score was between 0.5 and 0.35, and it was
poor if the score was ≤0.35.

3. Results

A total of 26 women and 14 men (65% and 35% of the total sample size, respectively)
participated in this study. Their age ranged from 45 to 72 years. Regarding BMI results,
53.84% of the women had a normal weight, 38.46% were overweight, and 7.69% were
obese, whereas 35.71% of the men had a normal weight, 50% were overweight, and 14.28%
were obese.

Participants’ quality of life (EQ-5D-3L coefficient) reached high scorings close to 1 (full
healthy), the maximum achievable score. Concerning the EQ-5D Visual Analogue Scale,
participants also perceived their health to be apparently elevated since it was close to 100.
Analyzing the included dimensions, the highest quality of life problem was obtained in
pain perception. More specific information about participants’ characteristics is shown in
Table 2.

Table 3 shows participants´ descriptive data and the agreement in the OE and IPE
of the total sample size. Comparisons between OE and IPE did not show significant
differences between OE and IPE modalities in all tests (p > 0.05), except in the 8-foot
up-and-go (p-value = 0.007). ICC values ranged from moderate to excellent agreement
regarding the lowest and highest score (0.55 to 0.93). A moderate agreement was found
for the arm-curl test and the 8-foot up-and-go test. In addition, a good agreement was
found for the 30 s chair stand-up test, 2 min step-test in place, back scratch test, sharpened
Romberg test, and the one-legged stance test. Moreover, excellent agreement was found in
the chair-sit and reach test. Considering the Bland-Altman plots of the scores obtained by
OE and IPE of the tests of the total sample size (see Figure 2), the graphs depict excellent
agreement between OE and IPE with only reduced scores of observations falling outside
the limits of agreement for the different test performed. Moreover, there was not significant
bias since the line of equality was within the confidence interval of the mean difference.
Finally, all variables showed strong correlations, except for the arm curl test and 8-foot
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up-and-go test, where moderate correlations were found. However, all variables showed
significant relationships.

Table 2. Participants’ physical and quality-of-life characteristics.

Participants’ Characteristics Total Sample Size Women (n = 26) Men (n = 14)

Mean (SD)
[range of variability]

Mean (SD)
[range of variability]

Mean (SD)
[range of variability]

Age 58.48 (9.87) [45–72] 58.46 (9.23) [45–72] 58.50 (10.14) [47–69]

Height (cm) 166.00 (9.72) [145–184] 164.38 (10.27) [145–176] 169.00 (8.09) [165–184]

Body mass (Kg) 71.10 (13.08) [53–107] 69.92 (14.52) [53–88] 73.29 (10.01) [65–107]

BMI 25.69 (3.37) [18.78–35.34] 25.74 (3.82) [18.78–31.55] 25.59 (2.42) [21.50–35.34]

EuroQol-5D (coefficient) 0.85 (0.14) [0.32–1] 0.87 (0.12) [0.74–1] 0.81 (0.18) [0.32–1]

EuroQol-5D (VAS) 76.25 (10.49) [60–100] 76.73 (11.13) [60–100] 69.87 (9.50) [60–90]

Mobility 1.08 (0.27) [1–2] 0.87 (0.12) [1–2] 1.21 (0.43) [1–2]

Self-Care 1.03 (0.16) [1–2] 1.04 (0.20) [1–2] 1.00 (0.00) [1]

Activities Of Daily Life 1.20 (0.41) [1–2] 1.19 (0.40) [1–2] 1.21 (0.43) [1–2]

Pain 1.63 (0.54) [1–2] 1.62 (0.50) [1–2] 1.64 (0.63) [1–2]

Anxiety/Depression 1.05 (0.22) [1–2] 1.00 (0.00) [1] 1.14 (0.36) [1–2]

SD: standard deviation, EuroQol-5D: European Quality of Life-5 Dimensions, VAS: visual analogue scale.

Table 3. Agreement under online and face-to-face evaluations of total sample size (N = 40).

Variable
Online

Evaluation
Mean (SD)

Face-to-Face
Evaluation
Mean (SD)

p-Value ICC (95% CI)
Correlation
Coefficient

30 s Chair Stand-Up test 19.00 (3.76) 18.18 (3.91) 0.108 0.79 (0.610–0.891) 0.66 ***
Arm-curl test 21.38 (4.42) 20.70 (4.28) 0.385 0.55 (0.143–0.760) 0.38 *

2 min step-test in place 107.50 (23.12) 110.10 (23.13) 0.306 0.87 (0.748–0.930) 0.76 ***
Chair-sit and reach test −1.46 (9.59) −0.93 (10.50) 0.528 0.93 (0.859–0.961) 0.86 ***

Back scratch test −4.89 (8.53) −2.68 (9.25) 0.305 0.79 (0.596–0.887) 0.64 ***
8-foot up-and-go test 4.89 (0.85) 4.45 (1.06) 0.007 0.64 (0.313–0.808) 0.48 **

Sharpened Romberg test 59.00 (4.41) 58.63 (3.92) 0.334 0.89 (0.792–0.942) 0.66 †††

One-legged stance test 50.57 (16.34) 47.88 (19.44) 0.363 0.83 (0.675–0.909) 0.75 †††

SD: standard deviation, ICC: intraclass correlation coefficient. Correlation Coefficient. Paired t-test or Wilcoxon
tests were conducted depending on the distribution (variables with a p-value lower than 0.05 in the Shapiro–Wilk
test were considered for a non-parametric analysis). *** p-value < 0.001; ** p-value < 0.01; * p-value < 0.05 based on
Pearson’s correlation coefficient. ††† p-value < 0.001; based on Spearman’s Rho correlation coefficient.

Agreement data divided by sex is reported in the Supplementary Materials (See
Supplementary Table S1).

Figure 2 shows the Bland-Altman plots of the scores obtained by OE and IPE of the tests
of the total sample size. Moreover, in the Supplementary Materials, the Bland-Altman plots
for women and men in the OE and IPE are reported (See Supplementary Figures S1 and S2).
The plots of the total sample size (Figure 2) and the men and women analysis
(Supplementary Figures S1 and S2) depicted excellent agreement between the OE and
IPE with only reduced scores of observations falling outside of the limits of agreement for
the different tests performed.
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Figure 2. Bland-Altman plots for the difference between online evaluation and face-to-face evaluation
of the SFT and the two balance test for participants divided by sex. (i) Back Scratch test for women;
(j) Back Scratch test for men; (k) 8-foot Up and Go test for women; (l) 8-foot Up and Go test for men;
(m) Sharpened Romberg test for women; (n) Sharpened Romberg test for men; (o) One-Legged Stance
test for women; and (p) One-Legged Stance test for men. OE: online evaluation; IPE: face-to-face
evaluation; ULoA: upper limit of agreement; LLoA: lower limit of agreement. The shaded areas
represent the confidence interval limits for mean and agreement limits.
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4. Discussion

The Senior Fitness test battery [13] consists of six physical fitness tests that assess
strength, flexibility, cardiorespiratory fitness, and agility (30 s chair stand-up, arm curl,
2 min step, chair-sit and reach, back scratch test and 8-foot up-and-go). This battery is a
useful tool to evaluate people with LBP since the ACSM recommends the evaluation of
these physical capacities, concretely cardiorespiratory fitness, strength, and flexibility [12].
In addition, previous studies have shown balance impairment in people with LBP [14,15].
Thus, the validity of an OE in contrast to IPE through the level of agreement in different
functionality tests was investigated. The results achieved with the present investigation
showed reasonable levels of agreement regarding the ICC values [38], the Bland-Altman
plots between the variables of the different evaluation methods [39], and the strong cor-
relations obtained in all tests except for the arm curl test and the 8-foot up-and-go test,
where moderate correlations were found. Nevertheless, all variables showed significant
relationships between OE and IPE. Therefore, the initial hypothesis proposed should be
accepted. These results may prove to be of great relevance in the clinical field in order to
have objective tools to face current practical challenges.

With the COVID-19 pandemic [19], the growth of telemedicine, and the emergence
of new technologies and Internet access, physical fitness assessments have considered
new ways to monitor and control the functionality and physical condition of participants.
The validation of online functional tests in comparison to the gold standard face-to-face
test, as performed in the present study, can be of great help in clinical rehabilitation units,
especially when hospitals are overcrowded or when, for health reasons, patients cannot be
assessed face-to-face [42]. In this way, rehabilitation staff can remotely assess the physical
function of patients without direct contact, and it would be possible to assess patients more
objectively and quickly prior to their incorporation into rehabilitation or training programs.
This clinical implication, that the incorporation of online testing in patients with LBP could
foster the autonomy and self-determination of those suffering from LBP, is necessary in the
effectiveness of their care [43].

Physical exercise home-based interventions have emerged as an effective way to
maintain physical and mental health [44,45]. However, these home-based physical exercise
interventions should monitor and control the participants’ physical fitness. In this regard,
previous studies have reviewed [21] and investigated the reliability of different physical
fitness tests using remote evaluation [24]. Ogawa, Harris, Dufour, Morey, and Bean [24]
showed high inter-rater reliability in three tests used in the present study, the 30 s arm
curl, 30 s chair stand test, and 2 min step test, among community-dwelling older adults.
However, remote physical fitness assessment was not compared and validated with a face-
to-face evaluation. In the same line, Lin et al. [46], showed moderate-to-good reliability of
the fitness assessments using a health app. Again, this remote evaluation was not compared
with a face-to-face condition.

Nevertheless, some studies compared face-to-face evaluations with remote evaluations
in populations different from people with LBP. Holland, et al. [47] examined the usability of
the 6 min walking test at home. Results showed that this test underestimated the exercise
capacity when conducted at home in people with chronic obstructive pulmonary disease.
Similarly, Cox et al. [48] showed that exercise capacity assessment, using the 3 min step
test, is feasible and accurate via remote videoconferencing in adults with cystic fibrosis.
However, the OE conducted in these studies has not been compared to the IPE evaluation.
In this regard, Winters-Stone, Lipps, Guidarelli, and Herrera-Fuentes [25] reported the
validity of the chair stand test, showing a good correlation between an EO and IPE in older
adults with cancer (r = 0.81). The results achieved with the present study showed a lower
correlation value (correlation coefficient = 0.66) in people with LBP. Hoenemeyer, Cole,
Oster, Pekmezi, Pye, and Demark-Wahnefried [26] reported the reliability and validity of
the SFT (including the sit and reach test, the 30 s chair stand test, the back scratch test, 8-foot
up-and-go test and go test, the timed 8 min walk test, and the 2 min step test) in cancer
survivors and supportive partners. In this previous study, the authors reported the validity
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through the ICC, showing the highest value in the back scratch test (ICC = 0.95), classified
as excellent. The other tests (30-s chair stand-up, 2 min step, chair-sit and reach, 8 min walk
test, and 8-foot up-and-go) also showed high validity values. The results presented showed
a lower ICC value (ICC = 0.79) in the back scratch, although validity can be considered
good. In addition, they showed similar ICC values in the chair-sit and reach (ICC = 0.87)
and the 2 min step (ICC = 0.93) compared to those in the Hoenemeyer, Cole, Oster, Pekmezi,
Pye, and Demark-Wahnefried [26] study (ICC = 0.89 and ICC = 0.84 for the sit and reach
and 2 min step test, respectively).

The greatest differences in validity were observed in the 8-foot up-and-go test with an
ICC = 0.64 compared to an ICC = 0.80 observed in a previous study [26]. This could be due
to the difference in the test performance, being higher in the present study than in the study
focused on cancer survivors [26]. Furthermore, another possible explanation for this result
can be extracted. In this regard, the lowest ICC values were obtained by the arm-curl test
(ICC = 0.55) and the 8-foot up-and-go test (ICC = 0.64). In the same line, these two tests are
those that yielded the lowest correlation values (arm-curl test correlation coefficient = 0.38
and the 8-foot up-and-go test correlation coefficient = 0.48). Regarding the arm-curl test,
participants in the OE condition were asked to start the test when their stopwatch was at
second 10 and finished it at second 40. Since participants would have paid attention to the
stopwatch, the participants would be less accurate in measuring their performance on this
test. Similarly, in the 8-foot up-and-go test, the stopwatch was controlled by the participant
themself in the OE condition, whereas in the IPE condition, the stopwatch was controlled
by the research staff. This would make the time the participant took to hit play and stop
longer. Future studies should take this issue into account.

This study has some limitations that should be acknowledged. First, the investigation
conducted was observational and monocentric with a sample composed of people with
LBP, so results cannot be generalized to other populations. In addition, the sample of
men was relatively small. Second, a test-retest analysis was not conducted. Thus, future
studies should analyze the reliability of the physical fitness battery for OE and IPE. Third,
it would have been interesting to specify the camera angle and the distance at which the
device was located to facilitate the replication of the conditions of this study, although this
is a difficult task since the conditions of each device vary according to the manufacturer.
Fourth, it is possible that in the arm curl test, there were slight variations in the total weight
incorporated into the sturdy cloth or plastic bag. In the same vein, it is also possible that in
the back scratch test, the chair sit and reach test, and the 8-foot up-and-go test, there were
small alterations due to the difficulty in performing the test or the time invested in pressing
the stopwatch, respectively. Considering these limitations, results can be taken with caution.
Although this study has some limitations, strengths should also be highlighted. In this
regard, to the best of our knowledge, this is the first study that analyzed the validity
between OE and IPE in an LBP population. Furthermore, unlike previous studies, the
present investigation included a wide range of physical fitness tests: strength, flexibility,
agility, cardiorespiratory fitness, and balance. In addition, the present results provide
relevant information to clinical and physical specialists who want to implement online
or home-based physical exercise interventions. In this regard, the physical fitness tests
have been modified so that patients can be self-assessed. This would allow healthcare
professionals and patients to economize time and aid resources while maintaining validity.

5. Conclusions

The results achieved in the current investigation showed reasonable levels of agree-
ment that support the validity between OE and IPE in all tests regarding the ICC values,
the Bland-Altman plots between the variables of the different evaluation methods, and
the strong correlations obtained, except for the arm curl test and the 8-foot up-and-go test,
where moderate correlations and lower ICC values were found. However, it is important
to take into account the range of fluctuation of the ICC and the significant values obtained
through correlations.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/healthcare11071019/s1, Supplementary Table S1. Agreement under
online and face-to-face evaluations divided by women (n = 26) and men (n = 14). Supplementary
Figure S1. Bland-Altman plots of the SFT and the two balance tests for participants divided by sex.
OE: online evaluation; IPE: face-to-face evaluation; ULoA: upper limit of agreement; LLoA: lower
limit of agreement. The shaded areas represent the confidence interval limits for the mean and
agreement limits. Supplementary Figure S2. Bland-Altman plots of the SFT and the two balance tests
for participants divided by sex. OE: online evaluation; IPE: face-to-face evaluation; ULoA: upper limit
of agreement; LLoA: lower limit of agreement. The shaded areas represent the confidence interval
limits for the mean and agreement limits.
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Abstract: Cardiac dysfunction induced by premature ventricular complexes (PVCs) is relatively con-
troversial and challenging to detect in the early stage. In this observational study, we retrospectively
analyzed the cardiopulmonary exercise test (CPET) data of 94 patients with frequent premature ven-
tricular beats (47 males, 49.83 ± 13.63 years) and 98 participants (55 males, 50.84 ± 9.41 years) whose
age and gender were matched with the patient with PVCs. The baseline information and routine
echocardiography detection were recorded on admission. PVCs were diagnosed by 24 h Holter moni-
toring, and cardiorespiratory capacity was assessed using peak oxygen uptake (V’O2peak), anaerobic
threshold (AT), and other CPET parameters with an individualized bicycle ramp protocol according
to the predicted workload and exercise situation of each participant. There were no statistically
significant differences in most baseline characteristics between the two groups. Indicators that reflect
cardiopulmonary capacity, such as V’O2peak, AT, and ΔO2 pulse/Δwork rate(ΔV’O2/ΔWR), were
all significantly lower in the PVC group (p = 0.031, 0.021, and 0.013, respectively) despite normal and
nondiscriminatory left ventricular ejection fractions between the two groups. However, there was
no statistically significant difference among subgroups based on the frequency of PVCs, which was
<10,000 beats/24 h, 10,000–20,000 beats/24 h, and >20,000 beats/24 h. The cardiorespiratory capacity
was lower in patients with frequent PVCs, indicating that CPET could detect early signs of impaired
cardiac function induced by PVCs.

Keywords: premature ventricular complexes; cardiac capacity; cardiopulmonary exercise test;
oxygen uptake

1. Introduction

Premature ventricular complexes (PVCs) refer to early depolarization of the ven-
tricles with or without mechanical contraction and are one of the most common types
of arrhythmia [1]. With the widespread availability of diagnostic technologies, it is not
surprising that an increasing number of patients with PVCs have been timely diagnosed
in recent years. Initially, PVCs were considered benign without cardiac structural alter-
ations. However, several research studies have revealed that an increasing burden of PVCs
is associated with reduced left ventricular systolic function [2–4] and higher short-term
mortality [5]. Apart from reduced cardiac function, a special kind of cardiomyopathy,
namely PVC-induced cardiomyopathy, may also develop due to long-term burden of
PVCs [6]. Unfortunately, it is challenging to detect these adverse effects on the cardiac
function in the early stage of arrhythmia given that patients in the early stages of the disease
usually do not exhibit obvious clinical symptoms.

Cardiopulmonary exercise testing (CPET) is a dynamic and noninvasive clinical test
that provides an integrative and objective evaluation of multiple organs and systems,
particularly pulmonary and cardiovascular function under physiological stress. It appears
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to be a promising method for assessing cardiac function before the detection of virtual
structural and functional damages. CPET was initially proposed as a useful tool for grading
the severity of heart failure in the 1980s [7] and has since been utilized in the management
of various cardiovascular diseases. According to the latest 2021 European Society of
Cardiology (ESC) Guidelines [8] for the diagnosis and treatment of acute and chronic heart
failure, a cardiopulmonary exercise test is recommended as part of the evaluation and
management of heart transplantation and/or mechanical circulatory support, as it helps to
optimize the prescription of exercise training. However, the use of CPET in current clinical
practice primarily focuses on heart failure and ischemic heart disease, while its application
to evaluate the effects of PVCs on cardiorespiratory capacity is uncommon.

Therefore, the purpose of this study was to identify early cardiopulmonary impair-
ment caused by PVCs and explore the advantage of CPET in evaluating cardiorespiratory
performance in real-world patient care.

2. Materials and Methods

2.1. Population

This was a retrospective cohort study conducted at Tongji Hospital, affiliated with
Tongji Medical College, Huazhong University of Science and Technology. Patients with
symptoms such as palpitation, chest pain, chest tightness, or abnormal electrocardiography
findings, who had undergone 24 h Holter monitoring and consented to CPET, were included
in this study. Thereinto, patients with more than 1000 PVCs in the 24 h Holter monitoring
and CPET performed within three days of the monitoring were classified as the PVC group.
The exclusion criteria were as follows: (1) apparent wheezing and dyspnea; (2) severe
arrhythmia; (3) acute coronary syndrome within the past three months; (4) chronic heart
failure; (5) pregnancy; (6) uncontrolled severe obstructive lung disease; (7) severe hepatic
or kidney dysfunction; and (8) moderate to severe aortic and mitral stenosis. Ninety-
four patients with PVCs met these criteria and were included in the subsequent analysis.
Simultaneously, patients who were age-, gender-, and body mass index (BMI)-matched
with the PVC groups were enrolled as controls. Although controls had been referred to our
hospital for similar reasons, their PVC frequency was less than 1000 times per 24 h.

The demographic and clinical information, including age, height, weight, BMI, car-
diovascular risk factors, and medication use, presented in Table 1, were collected from the
Tongji Hospital information system. Echocardiography was performed by two professional
sonographers according to standard protocol. The routine parameters reflecting cardiac
systolic function (left ventricular ejection fraction and fractional shortening) and diastolic
function (E/E′ and E/A value) were recorded. In addition, the morphology features of
PVC beats, including the QRS duration, pseudo delta waves, the QRS axis in limb leads,
and bundle branch-like morphology were evaluated by two professional cardiologists. This
research study was approved by the ethics committee of the institutional review board of
Tongji Hospital and written informed consent was obtained from all participants.

Table 1. Baseline characteristics of the study population.

Subject
Controls
(n = 98)

PVCs
(n = 94)

p Value

Age (yrs) 50.84 ± 9.41 49.83 ±13.63 0.551
Male (n,%) 55 (56.1) 47 (50.0) 0.395
Height (cm) 166.54 ± 7.58 165.97 ± 6.89 0.590
Weight (kg) 69.39 ± 13.38 65.92 ± 10.95 0.052
Body mass index (kg/m2) 24.89 ± 3.65 23.87 ± 3.36 0.050
Smoking (n,%) 15 (15.3) 11 (11.8) 0.484
CAD (n,%) 18 (18.1) 16 (17.0) 0.156
ACS (n,%) 10 (10.2) 9 (9.6) 0.892
Number of lesional coronary artery 0.771
1-vessel CAD (n,%) 6 (6.1) 8 (8.5)
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Table 1. Cont.

Subject
Controls
(n = 98)

PVCs
(n = 94)

p Value

2-vessel CAD (n,%) 4 (4.1) 3 (3.1)
3-vessel CAD (n,%) 8 (8.2) 5 (5.3)
Gensini score 16.77 ± 11.45 19.20 ± 17.01 0.672
Hypertension (n,%) 33 (33.7) 47 (50.0) 0.071
Hyperlipidemia (n,%) 23 (23.5) 24 (25.5) 0.997
Diabetes (n,%) 12 (12.2) 14 (14.9) 0.758
Medication use
Beta-blocker (n,%) 44 (44.9) 37 (37.8) 0.204
Calcium channel blocker (n,%) 19 (19.4) 28 (28.6) 0.178
Laboratories
NT-proBNP (pg/mL) 35.5 (49.5) 62.1 (83.0) 0.044 †

cTnI (ng/mL) 5.32 ± 14.30 4.24 ± 6.81 0.509
eGFR (mL/min/1.73 m2) 91.86 ± 12.83 89.34 ± 20.97 0.532

† Comparison between the two groups conducted using the Mann–Whitney U test. Abbreviations: PVC, premature
ventricular complex; CAD, coronary artery disease; ACS, acute coronary syndrome; NT-proBNP, N-terminal
pro-brain natriuretic peptide.

2.2. CPET Method

All subjects had been referred for CPET at our hospital settings to estimate their car-
diopulmonary function. The participants were evaluated for indications by a professional
physician and signed an informed consent form regarding relevant risks and benefits
before CPET. The participants were instructed to abstain from smoking for at least 8 h,
drinking coffee, and eating a full meal. Oxygen consumption, carbon dioxide production,
ventilatory capacity, and hemodynamic indices were continuously measured throughout
the test using professional equipment (CARDIOVIT CS-200 Excellence). After the pre-
liminary assessment of static lung function, the participants were assigned to complete
symptom-limited maximum extreme exercise testing on a cycle ergometer with a personal-
ized ramp exercise protocol until exhaustion. Specifically, we recorded the initial resting
state data for three minutes, and then the participants started warm-up cycling without
load at a pedal speed of 60 r/min for three minutes. The increasing power rate was set to
10–30 W/min based on the patients’ age, sex, height, usual exercise habits, and estimated
functional state. Patients reached the maximum exercise limit with symptom restriction
within 6–10 min and their recovery was recorded for more than five minutes. The prespeci-
fied criteria for interrupting the exercise test were as follows: (1) adverse clinical symptoms,
such as fatigue, dyspnea, severe chest pain, dizziness, faintness, sudden pallor, and loss
of coordination; (2) abnormal ECG presentation, such as pathological Q waves, severe
arrhythmia, ≥2 mm ST depression or ≥1 mm ST elevation in at least two adjacent leads;
(3) respiratory exchange ratio (RER) ≥ 1.15; and (4) upon request of the participant.

A large number of variables were typically measured. V’O2 refers to the ability of
the human body to inhale and utilize oxygen during physical activity. V’O2peak, which
describes the highest achieved V’O2 value during an exercise test, is the most important
parameter to reflect cardiopulmonary capacity. Here, we defined V’O2peak as the average
value of the last ten seconds of CPET. V’CO2 is used to quantify the amount of carbon
dioxide produced or exhaled by an individual, reflecting metabolic state during exercise.
As an alternative to V’O2peak in determining exercise tolerance, the anaerobic threshold
(AT) was identified using a V-slope analysis of V’O2 and V’CO2 and was confirmed by
specific trends of ventilatory equivalent for oxygen (VE/V’O2), ventilatory equivalent
for carbon dioxide (VE/V’CO2), end-tidal pressure of oxygen, and end-tidal pressure of
CO2. Other routine variables, including V’O2AT as a percentage of the predicted V’O2,
VE/V’CO2 slope, peak O2 pulse, the slope of change in V’O2 to change in work rate, V’CO2,
VE, HR, blood pressure at peak, and AT were recorded synchronously. The Borg scale
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(6–20 scale) which allowed individuals to subjectively rate their level of exertion during
exercise, was performed after the test.

2.3. Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics for Windows, version
29.0 (IBM Corp., Armonk, NY, USA) [9]. Numerical variables were expressed as mean
± standard deviation, while categorical variables were presented as counts (percentage).
The normality of distribution for the data was assessed by the Kolmogorov–Smirnov test.
Analysis on continuous variable data between the PVCs and control groups were evaluated
by the unpaired t-test if the data was normally distributed. Otherwise, the comparison
between the two groups would be conducted using the Mann–Whitney U test, such as
NTpro-BNP. For the comparison of categorical variables, the Chi-square test was performed.
Statistical significance was defined as p < 0.05. Effect size was expressed by the Cohen d
whose absolute value greater than 0.2 representing the obvious difference between control
and PVC groups. Three subgroup analyses were performed using univariate ANOVA
followed by post hoc analysis using LSD Test. The correlation between PVC burden and
related CPET parameters was assessed using Pearson’s test. It was considered a strong
correlation when the absolute value of r was greater than 0.6.

3. Results

3.1. Baseline Information

For the PVC group, 48 patients (51%) visited the hospital due to symptoms of palpita-
tion or chest discomfort, while the remaining 46 cases (49%) were incidentally diagnosed
as PVCs during a medical examination (Figure 1). Table 1 presents the specific baseline in-
formation of the PVCs and control groups. The basic demographic data, including age and
gender (p > 0.05), showed no significant differences between the groups. There were also no
statistically significant differences in the risk factors for cardiovascular disease, including
hypertension, hyperlipidemia, diabetes, and diseases that may affect the cardiopulmonary
capacity. A specific classification based on the severity of coronary heart disease indicated
there were no significant differences in the degree of coronary artery stenosis between
two groups. We also compared the medication history between the two groups, and our
findings underlined that the use of beta blockers, which was highly related to heart rate
and cardiac function and tended to be similar (p = 0.204).

Figure 1. Flow diagram showing inclusion of participants in the study. CPET, cardiopulmonary
exercise test; PVCs, premature ventricular complexes.
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Table 2 showed the morphological features of arrhythmia. In addition, as shown in
Table 3, there were no significant differences in ventricular wall thickness (interventricular
septum, p = 0.074; left ventricular posterior wall, p = 0.305) and functional changes detected
by echocardiography between the two groups.

Table 2. Morphological features of PVCs beats.

Characteristics

QRS duration (ms) 140 ± 33
pseudo delta waves (n,%) 10 (10.6)
axis
superior axis (n,%) 24 (25.5)
inferior axis (n,%) 70 (74.5)
bundle branch-like morphology
left (n,%) 77 (81.9)
right (n,%) 17 (18.1)

Table 3. Echocardiographic indices of study patients.

Subject Controls PVCs p Value

LV size (mm) 47.02 ± 4.68 47.93 ± 4.83 0.212
LA size (mm) 35.62 ± 4.99 35.88 ± 5.78 0.749
IVS(mm) 9.93 ± 1.80 9.44 ± 1.80 0.074
LVPW (mm) 9.46 ± 1.32 9.24 ± 1.52 0.305
LVEF (%) 63.11 ± 6.08 60.96 ± 8.1 0.055
FS (%) 34.47 ± 5.32 33.23 ± 6.19 0.157
E/A 1.17 ± 0.53 1.27 ± 0.58 0.224
E/E′ 11.46 ± 3.61 12.6 ± 5.45 0.107

Abbreviations: LV, left ventricle; LA, left atrium; IVS, interventricular septum; LVPW, left ventricular posterior
wall; LVEF, left ventricular ejection fraction; FS, fractional shortening.

3.2. CPET Data

Of the 94 PVCs patients and 98 controls enrolled based on the aforementioned inclu-
sion and exclusion criteria, none of them terminated the exercise test due to severe clinical
symptoms or abnormal ECG presentation. The Borg scale score of all participants was
greater than 13. At the same time, suppression of frequent PVCs was noted in all patients.
A comparison of CPET variables between groups was shown in Table 4 and Figure 2.
Firstly, no significant differences were seen regarding the heart rate and blood pres-
sure at rest. However, there were significant differences in V’O2peak/kg (20.92 ± 4.99
in the control group vs. 19.32 ± 5.20 in the PVC group, p = 0.031) and V’O2AT/kg
(13.36 ± 2.70 in the control group vs. 12.40 ± 3.02 in the PVC group, p = 0.021). To our
surprise, the important parameters representing impaired oxygen delivery (V’O2peak
(%pred), V’O2AT(%pred), and ΔV’O2/ΔWR) also decreased (p = 0.009, 0.005, and 0.013,
respectively). No significant differences were found in heart rate at peak exercise be-
tween the two groups. We further divided the PVC patients into three groups based
on the frequency of PVCs, namely < 10,000 beats/24 h, 10,000–20,000 beats/24 h, and
>20,000 beats/24 h. Interestingly, significant difference was noted in V’O2/KG peak
but not in other main parameters among the three subgroups, which was shown in
Table 5. Additionally, there was no significant correlation between the burden of PVCs
and V’O2peak (Figure 3). In our cohort, the origin of PVCs in most patients was the right
ventricular outflow tract (80.7%).
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Table 4. CPET parameters in PVCs and controls.

Subject
Controls
(n = 98)

PVCs
(n = 94)

p Value
Reference
Value

Effect Size

AT (l/min) 0.91 ± 0.22 0.80 ± 0.24 0.002 - −0.478
V’O2 peak (l/min) 1.42 ± 0.39 1.25 ± 0.40 0.004 - −0.430
V’E peak (l/min) 48.26 ± 12.16 42.37 ± 12.29 0.001 - −0.482
SBP rest (mmHg) 129.74 ± 26.15 126.61 ± 21.74 0.370 - −0.130
DBP rest (mmHg) 78.14 ± 15.64 78.52 ± 13.70 0.859 - 0.026
HR rest (bpm) 87.40 ±13.81 87.96 ± 14.63 0.785 - 0.039
HR AT (bpm) 111.39 ± 14.97 108.18 ± 18.50 0.188 - −0.191
HR peak (bpm) 142.66 ± 17.88 138.88 ± 26.58 0.247 - −0.168
Load AT (W) 59.34 ± 21.06 52.49 ± 23.51 0.035 - −0.307
Load peak (W) 101.97 ± 37.97 92.53 ± 37.35 0.084 - −0.251
V’O2/HR peak 0.010 ± 0.003 0.009 ± 0.003 0.016 - −0.333
V’O2 peak (%pred) 0.74 ± 0.14 0.68 ± 0.15 0.009 ≥85% pred −0.414
V’O2 AT (%pred) 0.48 ± 0.11 0.44 ± 0.10 0.005 40–60% −0.380
V’E/V’CO2 slope 26.44 ± 5.18 26.76 ± 7.58 0.750 <35 0.049
V’O2/KG AT (ml/kg/min) 13.36 ± 2.70 12.40 ± 3.02 0.021 - −0.336
V’O2/KG peak (ml/kg/min) 20.92 ± 4.99 19.32 ± 5.20 0.031 - −0.314
V’E/KG peak (ml/kg/min) 713.62 ± 155.25 657.38 ± 168.60 0.017 - −0.347
ΔV’O2/ΔWR ((ml/min)/W) 9.69 ± 1.92 8.84 ± 2.66 0.013 >8.6 −0.368

Abbreviations: PVCs, premature ventricular complexes; V’O2, oxygen consumption; AT, anaerobic threshold; SBP,
systolic blood pressure; DBP, diastolic blood pressure; V’CO2, carbon dioxide output; V’E, ventilation; HR, heart
rate; WR, work rate.

Figure 2. Weight-adjusted peak oxygen consumption between control group and PVC group. The
comparison about VO2/kg at peak (A) and anaerobic threshold (B) between the two groups. Abbre-
viations: V’O2, oxygen consumption; AT, anaerobic threshold.

Table 5. Comparison of main parameters among different subgroups *.

Post Hoc

Subject
<10,000/24 h
(n = 55)

10,000–
20,000/24 h
(n = 23)

>20,000/24 h
(n = 16)

p value
<10,000/24 h
vs.
>20,000/24 h

10,000–
20,000/24 h vs.
>20,000/24 h

<10,000/24 h
vs. 10,000–
20,000/24 h

AT (l/min) 0.78 ± 0.25 0.88 ± 0.25 0.79 ± 0.21 0.270
V’O2 peak
(l/min) 1.18 ± 0.41 1.36 ± 0.36 1.35 ± 0.36 0.110

V’O2 AT (%pred) 0.45 ± 0.11 0.43 ± 0.1 0.40 ± 0.08 0.289
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Table 5. Cont.

Post Hoc

Subject
<10,000/24 h
(n = 55)

10,000–
20,000/24 h
(n = 23)

>20,000/24 h
(n = 16)

p value
<10,000/24 h
vs.
>20,000/24 h

10,000–
20,000/24 h vs.
>20,000/24 h

<10,000/24 h
vs. 10,000–
20,000/24 h

V’O2 peak
(%pred) 0.67 ± 0.16 0.66 ± 0.12 0.70 ± 0.15 0.726

V’O2/KG AT
(ml/kg/min) 12.01 ± 3.03 13.23 ± 3.61 12.7 ± 2.38 0.282

V’O2/KG peak
(ml/kg/min) 18.18 ± 5.29 20.46 ± 5.31 21.67 ± 4.34 0.040 0.023 0.490 0.090

* Groups compared with univariate ANOVA (LSD post hoc test). Abbreviations: V’O2, oxygen consumption; AT,
anaerobic threshold.

Figure 3. Correlation between PVCs burden and main parameters of CPET. Abbreviations: V’O2,
oxygen consumption; AT, anaerobic threshold. Statistical significance was defined as p < 0.05.

4. Discussion

In the present study, we identified that patients with frequent PVCs had lower V’O2
peak compared to the controls, indicating a reduction in cardiopulmonary reserve function
in patients with frequent PVCs and normal cardiac structure.
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Premature ventricular complexes are common type of arrhythmia in clinical practice
and frequent PVCs are considered risk factors for left ventricular dysfunction through
long-term follow up observations. A previous cohort study on over 1100 participants
without congestive heart failure (CHF) revealed that the population-level risk for incident
heart failure attributed to PVCs was 8.1% [4]. Meanwhile, a portion of PVCs patients
developed PVC-induced cardiomyopathy, which refers to a reversible reduction in left
ventricular systolic function. Several research groups have indicated that LV dysfunction
in patients with frequent PVCs could be improved to some extent after catheter ablation
therapy [10,11]. However, the effects on cardiac function are not comparable in the early
stages of frequent PVCs. In a previous study, most patients did not exhibit any clinical
symptoms of reduced heart function, such as shortness of breath after exertion, and more
than half of all patients failed to demonstrate any evident decrease in left ventricular ejection
fraction (LVEF) [12]. Arrhythmogenic cardiomyopathy (ACM) is a myocardial disorder
that can lead to sudden cardiac death. Ventricular arrhythmias may be an early phenotypic
expression in ACM patients, characterized by PVCs which are inconsistent with the degree
of cardiac dysfunction [13]. In general, patients with fewer symptoms are thought to have
a benign prognosis. However, researchers have found that many asymptomatic patients
were usually overlooked. As a result, they were more susceptible to long-term PVC burden
and progression to PVC-induced cardiomyopathy [14]. Despite the significant decrease
in LVEF among patients with highly frequent PVCs, the prognosis was found to be worse
in patients with exercise-induced PVCs but without cardiac structural changes after long-
term follow-up [15]. In our study, we were surprised to identify reduced cardiac capacity
induced by PVCs prior to observing a decrease in routine echocardiography parameters.
In our study, there were some differences in NT-proBNP levels between the two groups.
However, its value was influenced by several factors, such as age, gender, renal function,
and coronary artery disease. Of note, two cases in our cohort had significantly increased
NT-proBNP values due to poor renal function. Consequently, NT-proBNP level could not
reflect differences in cardiac function between the groups. Furthermore, the value of E/E′
in the PVC group was higher than in the controls group, but still within the normal range,
which seemed to mean that there was impaired left ventricular diastolic function in the
early stage. These further confirmed the special potential of CPET in identifying early
cardiac dysfunction which is difficult to detect with routine echocardiography tests. Hence,
this will enable the development of early prevention strategies and aggressive therapies of
the underlying disease.

The mechanism of LV dysfunction observed in patients with frequent PVCs is not
completely elucidated. Controversy still exists between findings in laboratory animals
and human studies. Tachycardia-induced cardiac functional decline might be one of the
important factors attributed to the progression of LV dysfunction [16] although the effect is
probably nonessential. Nevertheless, bradycardia is also a potential confounder because
cardiac output decreases with low heart rates. The concept of “PVCs-induced cardiomy-
opathy” has recently gained a lot of attention, and changes in cardiac rhythm do not appear
to provide a complete explanation for this phenomenon. Left ventricular dyssynchrony is
another plausible contributing factor. Long-term or high frequency PVCs alter the normal
hemodynamic status, leading to increases in LV filling pressure and LA overload. As
a result, the volume of blood pumped into peripheral tissues is insufficient to meet the
metabolic demands of tissues. A study performed by Tomos [17] revealed the association
between severe left ventricular dyssynchrony and PVCs-induced cardiomyopathy in an
animal model. In addition, it is likely that some occult structural heart disease associated
with the etiology of PVCs may have existed and was not detected by our conventional
monitoring methods. Modifications in cardiac anatomy resulting from PVCs of the left
ventricular outflow tract origin were confirmed. In our study, PVCs mainly originated
on the right ventricle, but there was no statistically significant difference in V’O2peak
when dividing patients according to the site of PVCs origin. However, the classification of
sites could have been refined further, allowing the identification of the precise origin and
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differences in cardiopulmonary function caused by ventricular premature complexes of
different origins.

Genetic differences should be considered as a factor in the development of arrhythmia
as it is challenging to explain the different responses noted among patients using the same
treatment parameters. In a meta-analysis [18], genome-wide association studies were
carried out and researchers identified that mutations in a certain gene locus contributed to
the differences in the risk of morbidity due to supraventricular and ventricular ectopy. ACM
is perceived to be highly correlated with genetic background. Consequently, this comes
to underline that we need to be very careful when identifying potential cardiomyopathy
through cardiac magnetic resonance and genetic testing and be hypervigilant against
patients whose cardiac capacity has been impaired as detected by CPET.

The difference among the three subgroups classified by PVCs frequency indicates that
the effect of varying frequency may not be apparent in the early stage of the disease. While
there was significant difference in V’O2/KG peak in patients with less than 10,000 PVC
beats per 24 h as compared to patients with more than 20,000 PVC beats. However, it
should be noted that PVCs-induced cardiac impairment is not solely attributable to its
magnitude. Multiple factors, such as PVCs location, morphology, and QRS duration [19],
may exert significant impacts. We believe that the correlation between the burden of PVCs
and important indexes, which showed a negative trend but no statistical significance, could
be ascribed to non-persistent arrhythmia and the relatively small sample size included in
this study.

Moreover, identical findings were noted when the frequency of PVCs was suppressed
by exercise during CPET in all patients, which was generally interpreted as an adrenergic
response. A previous study demonstrated that PVCs were suppressed either during the
recovery phase of exercise testing or after exercise testing during a mean follow up of
7.2 years in children [20], and this suppression was associated with a benign prognosis.
In contrast, exercise-induced PVCs have been linked to death and the occurrence of car-
diovascular events in adults [21]. Changes in electrocardiograms during CPET can be
a useful method to assess the presence or absence of underlying ischemic heart disease
or arrhythmia. In our study, PVCs were suppressed during exercise in all participants.
Further investigation into the specific mechanism and different prognostic outcomes needs
to be conducted in large sample studies.

5. Conclusions

In conclusion, we discovered patients with frequent PVCs have worse cardiorespira-
tory capacity than the controls, and further investigation on the association between PVCs
burden and cardiorespiratory capacity is necessary to excavate the important role of CPET
in disease diagnosis.

6. Limitations

The current study has several limitations. Firstly, this is an observational study
with a relatively small sample size. Large long-term follow-up clinical trials are required
to confirm and generalize our results in the future. Secondly, we mainly focused on
cardiopulmonary capacity between patients with PVCs and those without PVCs. However,
the large frequency variations within PVC group could not be avoided. Considering
the research type, our conclusion has limited guidance for clinical decision-making in
real clinical practice. Thirdly, global longitudinal strain is an appropriate parameter to
evaluate subtle LV function changes. Unfortunately, it is not currently routine parameter of
echocardiogram in our hospitals and is therefore not available in this observational study.
Furthermore, inter-individual variation in exercise capacity should not be neglected, as
individual differences in lifestyle may exert an impact on the CPET results, particularly in
the case of a small sample size. In addition, the ECG recording times of some participants
were not accurate for 24 h. Therefore, the comparison among patients with different
frequencies of PVCs needs further verification.
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Abstract: Exercise is an integral part of metabolic syndrome (MetS) treatment. Recently, low-volume
high-intensity interval training (LOW-HIIT) has emerged as a time-efficient approach to improving
cardiometabolic health. Intensity prescriptions for LOW-HIIT are typically based on maximum heart
rate (HRmax) percentages. However, HRmax determination requires maximal effort during exercise
testing, which may not always be feasible/safe for MetS patients. This trial compared the effects of a
12-week LOW-HIIT program based on: (a) HRmax (HIIT-HR), or (b) submaximal lactate threshold
(HIIT-LT), on cardiometabolic health and quality of life (QoL) in MetS patients. Seventy-five patients
were randomized to HIIT-HR (5 × 1 min at 80–95% HRmax), HIIT-LT (5 × 1 min at 95–105% LT)
groups, both performed twice weekly on cycle ergometers, or a control group (CON). All patients
received nutritional weight loss consultation. All groups reduced their body weight (HIIT-HR:
−3.9 kg, p < 0.001; HTT-LT: −5.6 kg, p < 0.001; CON: −2.6 kg, p = 0.003). The HIIT-HR and HIIT-LT
groups similarly, improved their maximal oxygen uptake (+3.6 and +3.7 mL/kg/min, p < 0.001),
glycohemoglobin (−0.2%, p = 0.005, and −0.3%, p < 0.001), homeostasis model assessment index
(−1.3 units, p = 0.005, and −1.0 units, p = 0.014), MetS z-score (−1.9 and −2.5 units, p < 0.001) and
QoL (+10 points, p = 0.029, and +11 points, p = 0.002), while the CON did not experience changes in
these variables. We conclude that HIIT-LT is a viable alternative to HIIT-HR for patients who are not
able/willing to undergo maximal exercise testing.

Keywords: obesity; cardiometabolic health; quality of life; interval training; exercise prescription;
cardiorespiratory fitness; maximal oxygen uptake; lactate; heart rate; glycemic control

1. Introduction

The metabolic syndrome (MetS) is a pathology defined by the presence of several
cardiometabolic disorders, including obesity (in particular excess abdominal fat), hyper-
tension, dyslipidemia, hyperglycemia and insulin resistance [1]. The occurrence of MetS
has significantly risen worldwide during the past decades [2], with the latest estimates
suggesting that globally, ~13% to ~31% of adults are affected [3]. Recently, it has been
reported that COVID-19 pandemic-related measures like quarantines, social distancing and
lockdowns have further contributed to the spread of MetS [4,5]. This trend is alarming be-
cause MetS is associated with an increased risk of several serious secondary diseases, such
as cardiovascular disease [6], different cancers [7], all-cause mortality [6] and diminished
quality of life (QoL) [8]. Additionally, recent observations indicate that excess body weight
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and the existence of cardiometabolic risk factors constitute an increased risk of developing
a critical or lethal disease progression following a COVID-19 infection [9,10]. Therefore,
effective therapeutic measures for MetS treatment are probably more urgent now than
ever before.

Dietary adaptations, particularly a reduction in caloric intake, and an increase in
physical activity are cornerstones in obesity and MetS treatment [11]. While caloric intake
restriction is of paramount importance to achieve weight loss [12], it has been demonstrated
that physical activity independently lowers the risk of developing several chronic health
conditions and premature death, regardless of body mass index (BMI) [13]. It has been
suggested that the level of cardiorespiratory fitness (CRF), objectified by the determination
of maximal oxygen uptake (VO2max), is a major outcome for predicting cardiovascular and
all-cause mortality, more significant than other well-established health risk factors like
obesity, elevated blood pressure or nicotine abuse [14]. Despite a plethora of evidence on
the wide range of health benefits associated with regular exercise, a large part of the global
population [15], particularly obese individuals [16], do not meet the minimum physical
activity guidelines of 75 min of vigorous-intensity or 150 min of moderate-intensity aerobic
activity per week [17]. Over the last decade, surveys have consistently shown that time
constraints are among the most frequently reported obstacles to regular exercise, both in
the general population [18,19] as well as in clinical cohorts [20,21].

Thus, in the past few years, there has been an increasing scientific interest in design-
ing and evaluating less time-consuming exercise approaches for preventing and treating
chronic health conditions [22]. In this regard, low-volume high-intensity interval training
(LOW-HIIT) has appeared as an innovative exercise modality to elicit comparable or even
greater improvements in CRF and cardiometabolic outcomes in comparison to traditional
continuous endurance training [23–26]. By definition, LOW-HIIT is a particular subtype of
interval training involving a total duration of ≤10 min of intense interval bouts of ≥80% of
maximum heart rate (HRmax), embedded in an overall exercise session of ≤30 min (when
initial warm-up, recovery between intervals, and cool-down are added up) [23,24]. Recent
research from our laboratory [27–30] and other researchers [31] has demonstrated that
LOW-HIIT can effectively improve several cardiometabolic risk factors as well as subjective
measures, such as QoL, in obese MetS patients.

Prescriptions for physical exercise are typically based on four main components: fre-
quency, intensity, time, and type of exercise, also referred to as the FIIT principle [32].
Among these, intensity is considered the most important element of the physiological
responses to exercise [32]. As with other cardiovascular training types, exercise intensity
for LOW-HIIT is most commonly prescribed based on percentages of HRmax. For a rough
estimation of exercise intensity, HRmax can be calculated using different formulas [33], most
frequently via the “220—age” equation [34]. However, due to high interindividual variabil-
ity in heart rate (HR) values [34,35], it is rather recommended to directly measure HRmax
during an exhaustive exercise test in order to obtain more precise results. Although our own
studies [27–30] and data from other research groups [31,36,37] indicate that guideline-based
cardiopulmonary exercise testing (CPET) [38] is generally safe and tolerable in clinical
settings, maximal exhaustion may be contraindicated in certain patient populations. Fur-
thermore, in some individuals, true HRmax may not reached due to peripheral muscular
fatigue or a lack of motivation.

Alternatively, exercise intensity can be prescribed using specific physiological thresh-
olds based on ventilatory or blood lactate responses during incremental exercise. Ventilatory
(VT) and lactate thresholds (LT) reflect specific submaximal metabolic inflection points
of respiratory variables and blood lactate concentration [39]. Ventilatory thresholds and
LT have been traditionally used to design training programs and predict performance in
endurance and team sports athletes [40–42], but threshold-based exercise intensity pre-
scription is also an interesting approach in clinical settings because it does not require
maximal effort, making it potentially safer for high-risk patients. Additionally, it has been
reported that threshold-based intensity prescriptions for traditional endurance training
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regimens were superior in improving VO2max in sedentary healthy individuals [43] and
cardiometabolic risk factors in MetS patients [44], when compared to intensity prescriptions
based on percentages of HRmax. In this context, endurance training programs involving
exercise intensities at or above the LT were found to be particularly effective in lower-
ing blood pressure in type 2 diabetic patients [45] and visceral fat in obese women with
MetS [46]. Furthermore, it has been suggested that threshold-based training seems to be
related with a lower instance of non-responders to exercise compared to training programs
based on maximum values [47]. However, to our knowledge, no research has yet been
undertaken to compare the effects of a LOW-HIIT program using HRmax- versus LT-based
exercise intensity prescriptions on cardiometabolic health status in a clinical setting.

Thus, the main objective of this investigation was to compare the effects of a 12-week
LOW-HIIT intervention either prescribed based on: (a) percentages of HRmax (HIIT-HR)
or, (b) LT (HIIT-LT), on various cardiometabolic health indices and QoL in a cohort of
obese patients diagnosed with MetS. We hypothesized that both LOW-HIIT protocols
would improve cardiometabolic health status and QoL compared with a physically inactive
control group but, on the basis of previous research using traditional endurance training
regimens [43,44,47], we expected HIIT-LT to provide superior improvements than HIIT-HR.

2. Materials and Methods

2.1. Study Design

The present investigation was a sub-group analysis of a larger clinical trial examining
the impact of various exercise modalities on multiple health outcomes in MetS patients.
Other parts of this research project have been previously published elsewhere [27–30]. The
present sub-study presents previously unpublished data from the HIIT-LT group and a sub-
sample of the HIIT-HR and a non-exercising control group (CON) that additionally received
capillary blood sampling during the CPET for the measurement of lactate concentrations.

In the overall trial, patients were allocated at random to different interval training pro-
tocols that were performed 2 times per week for a duration of 12 weeks or to the CON. All
patients were provided with standard care nutritional consultation to support their weight
reduction. Analogous to the main trial, the key outcome of this investigation was VO2max.
Further outcomes of interest were cardiometabolic risk indices, body composition and QoL.
The sample size determination and randomization process applied in the main trial were
reported elsewhere [29]. Briefly, sample size calculation was based on the previous work of
Reljic et al. [48], indicating a large effect of LOW-HIIT on VO2max (d = 0.97), that resulted
in an estimated number of 16 patients per group to yield a statistical power of 95%. To
account for dropouts, the aim was to recruit at least 25 patients for randomization into
each group. Randomization was preceded by stratification according to VO2max, gender,
age and BMI using the software MinimPy version 3.0 [49] to reduce the heterogeneity of
patients’ main characteristics between groups. The randomization was conducted by a
co-worker not engaged in the acquisition and analysis of the data.

All patients were fully informed about the objectives and procedures of the study,
which conformed to the Helsinki Declaration, and gave their written consent before being
included in the study. The study protocol was approved by the Medical Ethical Committee
of the Friedrich-Alexander University Erlangen-Nürnberg (approval number: 210_17B)
and registered at ClinicalTrials.gov (ID-number: NCT03306069).

2.2. Patients

Patients were recruited via flyers that were posted in medical practices and newspaper
advertisements. In a first step, all interested persons were screened for eligibility by phone
call or personal visit. The inclusion criteria were: age ≥18 years, a self-reported mainly
physically inactive lifestyle as defined previously [50] and clinical diagnosis of MetS as
classified by the International Diabetes Federation [51,52]. Criteria for exclusion were: preg-
nancy, clinical diagnosis of heart disease, oncological diseases, substantial musculoskeletal
disorders or other major health limitations that may constitute contraindications to safe
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participation in exercise. All patients agreed not to change their usual lifestyle habits, apart
from the study intervention. Patients were required to attend at least 75% of the scheduled
24 LOW-HIIT sessions to be included in the final analysis.

2.3. Health Examinations

One week before starting the intervention, patients received the baseline examination,
including several standardized assessments and measurements as described in detail below.
The second examination was conducted during the week following the termination of the
LOW-HIIT intervention with a minimum 3-day interval between the last training session.

Patients were instructed to appear overnight-fasted, to abstain from alcohol and to
avoid strenuous physical activities for at least 24 h prior to each examination. If patients
were required to take medication, care was taken to ensure that it was taken at the same
time of day for both examinations. Prior to the second examination and regularly during
the intervention period, patients were asked whether there had been any changes in the
type of medication or dosage taken. The pre- and post-intervention examinations were
scheduled at a similar daytime (08:00–08:30 a.m.) to minimize potential circadian bias and
lasted approximately 2–3 h for each patient.

All measurements were carried out under stable and standardized laboratory condi-
tions (temperature: 22–24 ◦C, and humidity: 30–50%) within the examination rooms of the
Hector-Center for Nutrition, Exercise and Sports at the University Hospital Erlangen and
in the standardized order described below. During the examinations, the patients were
dressed in their casual clothes, with an exception for the anthropometric measurements,
which were performed in underwear without shoes, and the CPET, for which the patients
wore a sport dress or comparable clothing. All examinations were performed by a team of
highly experienced personnel, consisting of two study nurses (>5 years of work experience)
and an exercise physiologist and physician (>10 years of work experience) who were as-
sisted by two medical students. All the staff involved in the data collection were blinded to
the assignment of the patient’s group.

2.3.1. Hydration Testing

After arriving at the research center, patients were first asked to provide a urine sample
for a routine screening for urinary tract infections, kidney disorders and diabetes, and for
measuring urine specific gravity (USG). Urine sample analyses were conducted within 30 min
of collection using Multistix® 10 SG dipsticks (Siemens HealthCare, Erlangen, Germany).

2.3.2. Determination of Blood Pressure and Resting Heart Rate

Following urine collection, patients entered a quiet experimental room and after 5 min
rest, resting HR (HRrest) and blood pressure were recorded with an automatic upper arm
blood pressure monitor (M5 professional, Omron, Mannheim, Germany) [53]. According
to recent guidelines [54], systolic (SBP) and diastolic (DBP) blood pressure were measured
twice at both upper arms at intervals of 60 s and the average value from the side with the
higher blood pressure was recorded. In addition, mean arterial blood pressure (MAB) was
estimated according to the following formula [55]:

MAB = DBP + (1/3 [SBP − DBP]).

2.3.3. Blood Collection

After blood pressure measurements, patients remained in the sitting position and
venous blood samples were taken from the antecubital area. The blood collection tubes
(Sarstedt, Nürmbrecht, Germany) were immediately further prepared and forwarded to the
central laboratory of the University Hospital Erlangen for measurement of the serum con-
centrations of glucose, triglycerides, total cholesterol, low-density (LDL) and high-density
lipoprotein cholesterol (HDL) using a photometrical determination method (Clinical Chem-
istry Analyzer AU700 or AU5800, Beckman Coulter, Brea, CA, USA), glycated hemoglobin

147



Healthcare 2023, 11, 711

A1c (HbA1c) using turbidimetric immunoassays (COBAS Integra 400, Roche Diagnostics,
Mannheim, Germany) and insulin using a chemiluminescence assay (Liaison XL, DiaSorin,
Saluggia, Italy). The homeostasis model assessment index (HOMA-index) was calculated
according to the following formula [56]:

Homeostasis model assessment-index = (insulin × glucose)/405.

2.3.4. Anthropometric Measurements

For standardization reasons, patients were asked again to empty their bladder, if neces-
sary, before the measurements. Anthropometric evaluation included measurement of body
weight and determination of body composition. More specifically, body weight, fat mass
(FM), body fat percentage (FM%), fat free mass (FFM) and total body water (TBW) were
determined using a multi-frequency segmental bioelectrical impedance analysis device
(seca mBCA 515, Seca, Hamburg, Germany) with confirmed validity [57]. Patients’ waist
circumference was measured in the upright position with a flexible tape (Seca, Hamburg,
Germany) to the nearest millimeter, at the approximate midpoint between the last touchable
rib and the upper iliac crest, as previously described [50].

2.3.5. Determination of the Metabolic Syndrome Severity Score

Metabolic syndrome severity was assessed according to the MetS z-score. The score
was calculated using sex-specific equations based on HDL, triglycerides, glucose, waist
circumference and MAB, as previously suggested [58]:

Males: [(40 − HDL)/9.0] + [(triglycerides − 150)/81.0] + [(glucose − 100)/11.3]
+ [(waist circumference−102)/7.7] + [(MAB − 100)/9.1]

Females: [(50 − HDL)/14.1] + [(triglycerides − 150)/81.0] + [(glucose − 100)/11.3]
+ [(waist circumference − 88)/9.0] + [(MAB − 100)/9.1]

2.3.6. Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing was performed on a stationary electronically braked
cycle ergometer (Corival cpet, Lode, Groningen, The Netherlands) using two different
standard exercise protocols [59,60]. Both protocols commenced with a brief familiarization
period, followed by measurements from the resting 12-lead electrocardiogram (ECG, custo
cardio 110, custo med, Ottobrunn, Germany), blood pressure and respiratory variables.
Subsequently, the HIIT-HR and the CON performed a continuously incrementing ramp
protocol, beginning at a workload of 50 W and then increasing by 1 W every 5 s (females)
and 1 W every 4 s (males), respectively. Using this approach, maximal exertion was
typically achieved within 8–12 min, as generally recommended for ramp protocols [59,60].
The HIIT-LT group performed a step incremental test, with a starting workload of 50 W,
followed by a stepwise increase in the load by 25 W (females) and 30 W (males), respectively,
every 3 min, as recommended to quantify the LT in untrained individuals [60,61]. With
the step incremental test, maximum exertion was typically achieved within 10–14 min.
Both protocols were performed with a constant cadence ranging between 60–80 rpm until
volitional exhaustion.

During all CPET, exercise ECG was permanently monitored (custo cardio 110, custo
med, Ottobrunn, Germany) and blood pressure was measured every 2 min with a standard
cuff sphygmomanometer (ERKA, Bad Tölz, Germany). An open-circuit breath-by-breath
spiroergometric system (Metalyzer 3B-R3, Cortex Biophysik, Leipzig, Germany) was used
to continuously measure oxygen uptake (VO2) and carbon dioxide output (VCO2). At rest,
immediately after termination of the exercise and at the 1st, 3rd and 5th min of recovery,
20 μL of capillary blood was sampled from the hyperemized earlobe to measure blood
lactate concentrations. In the step incremental test (HIIT-LT group), capillary blood samples
were additionally drawn within the last 20 s of each workload stage in order to determine
the LT. Blood samples were immediately placed in collection tubes containing a hemolyzing
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solution, and subsequently measured in our laboratory using an enzymatic-amperometric
method (LabTrend, BST Bio Sensor Technology, Berlin, Germany). Upon termination of
the exercise, perceived exertion was requested from each patient using the 6–20 Borg
scale [62]. Patients had to fulfill a minimum of two of the following criteria [63] in order
to assume that maximum exertion had been achieved: a plateau in VO2, reaching a peak
respiratory exchange ratio (RERmax) of ≥1.1, a peak blood lactate level of ≥8.0 mmol/L, an
age predicted HRmax of ≥90% (according to the equation: 220—age) [34] and a perceived
exertion value of ≥19 on the Borg scale [62].

2.3.7. Determination of Lactate and Ventilatory Thresholds

The lactate threshold was defined at the workload when blood lactate concentration
had reached ≥4 mmol/L, as first established by Mader et al. [64] and later justified by
Heck et al. [65]. Since then, the 4 mmol/L LT is also widely referred to as the “onset of
lactate accumulation” (OBLA), and broadly used in exercise physiology and practice for
performance diagnostics and training prescription [66]. Although it is clear that lactate ac-
cumulation does not occur suddenly at a sharp point but rather continuously in a transition
zone [67], it is well accepted that the LT frequently corresponds with a blood lactate level
of ~4 mmol/L in untrained individuals [68]. Moreover, the fixed 4 mmol/L LT was found
to have high reproducibility and predictability in cycling endurance performance [69] and
to be useful in prescribing exercise intensity for MetS patients [70]. Determination of HR
(HRLT) and workload (WLT) at the 4 mmol/L LT was performed by applying the software
Winlactat version 5.5.2.9 (Mesics, Münster, Germany). First (VT1) and second (VT2, also
termed the respiratory compensation point, RCP) ventilatory thresholds were determined
independently through visual inspection by two investigators from plots of VCO2 and
VO2 (the V-slope method) [59]. In case of any discrepancy, a consensus was achieved by
discussion. Heart rate and workload (WVT1 and WVT2) at both VTs were identified using
an automated software (MetaSoft Studio, Cortex Biophysik, Leipzig, Germany).

2.4. Assessment of Self-Reported Quality of Life

Self-reported QoL was measured with the validated EuroQol Group questionnaire
(EQ-5D-5L) [71]. The questionnaire consists of the simple EQ visual analogue scale (VAS)
ranging from 0–100 (higher ratings imply better QoL) and the EQ-5D index, composed of
5 sub-categories (mobility, self-care, usual activities, pain/discomfort, anxiety/depression,
each categorized into 5 severity levels). The values of the 5 sub-categories are transformed
into a single variable, with a score of 1.0 representing perfect subjective health and a score of
0 representing the poorest possible health status, respectively [71]. The questionnaires were
completed by the patients in a separate waiting lounge at the Hector-Center for Nutrition,
Exercise and Sports. Any questions or uncertainties about the questionnaire could be
resolved immediately with the investigators.

2.5. Monitoring of Daily Nutrition and Nutritional Counseling

Before study enrolment and during the final intervention week, patients were in-
structed to track their daily food intake over a duration of 3 successive days before each of
the two examinations, with the help of a standardized 24 h nutrition protocol (Freiburger
Ernährungsprotokoll; Nutri-Science, Freiburg, Germany). After delivery, the protocols
were evaluated by a registered dietitian using the software PRODI 6 expert (Nutri-Science,
Freiburg, Germany). In addition, patients’ resting metabolic rate (RMR) was estimated
using the Harris–Benedict equation [72], as follows:

Males: RMR (kcal/day) = 66.5 + 13.8 × weight (kg) + 5.0 × size (cm]) − 6.8 × age (years)

Females: RMR (kcal/day) = 655 + 9.6 × weight (kg) + 1.8 × size (cm) − 4.7 × age (years)

Based on the food record analysis, anthropometric data and the estimated RMR, pa-
tients received individual consultation during a personal conversation with a dietitian to
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support their weight loss. The dietary recommendations were made in accordance with
the current obesity treatment guidelines, targeting a daily calorie reduction of 500 kcal [73].
Furthermore, patients were advised to consume at least 1.0 g/kg of protein per day to
counteract a loss of muscle mass during caloric restriction, as previously recommended [74].
After the consultation, patients were provided with handouts, including recipes and nutri-
ent lists, to increase adherence and to support them in the home-based implementation of
the nutritional recommendations.

2.6. LOW-HIIT Protocols

Patients allocated to the exercise groups performed 2 supervised sessions per week of
LOW-HIIT on electronically braked cycle ergometers (Corival cpet, Lode, Groningen, The
Netherlands) in our exercise center with a minimum of 1 day recovery between sessions
for a total of 12 weeks (24 sessions in total). In order to maximize adherence, patients had
the option to schedule their sessions individually during the exercise center’s opening
hours. The structure of the LOW-HIIT intervention was in accordance with the protocol
introduced by Reljic et al. [48].

In brief, the protocol commenced with a short low-intensity warm-up period of
2 min. Subsequently, patients performed 5 vigorous interval bouts of 1 min duration (by
accelerating the cadence and/or increasing the ergometer watt load) divided by 1 min
recovery phases. After the fifth interval bout, the protocol concluded with a cool-down
of 3 min duration at low intensity, corresponding to an accumulated total duration of
14 min/session. In the HIIT-HR group, patients were instructed to reach a minimum
exercise intensity of 80–85% HRmax during the intervals for the first 4 weeks. The target
intensity during intervals was progressively increased as follows: week 5–8: 85–90% HRmax
and week 9–12: 90–95% HRmax. In the HIIT-LT group, the initial minimum exercise intensity
to be achieved during intervals was set at a HR corresponding to 95–100% of the LT for the
first 4 weeks and then elevated to a HR corresponding to 100–105% of the LT (week 5–12).
Patients were equipped with a chest strap HR monitor (Acentas, Hörgertshausen, Germany)
in every exercise session, allowing them to follow their HR in real-time on a screen. The HR
responses were recorded in every session and later analyzed using the software Heart Rate
Monitoring Team System (Acentas, Hörgertshausen, Germany). Average power output and
energy expenditure were recorded from the cycle ergometer’s digital displays after each
session. Certified sports- and physiotherapists monitored every single session to ensure
that the imposed level of exercise intensity was reached.

2.7. Statistical Analysis

A priori sample size calculation was conducted using the software G*Power (Heinrich-
Heine-University Düsseldorf, Düsseldorf, Germany). Data analyses were performed using
the software package SPSS version 24.0 software (IBM Corp., Armonk, NY, USA). Initially,
data normality was analyzed using the Shapiro–Wilk test. If the data were normally
distributed, a 2 × 2 repeated measures ANOVA was conducted to examine the data for
both the main effects (group and time) and interaction effects (group × time). In case of
significant results, Holm–Sidak post hoc tests for multiple comparisons were performed.
Significant main effects of time were followed by separate post hoc paired t-tests for each
group. Levene’s test was utilized to check and verify the homogeneity of variance. If no
normal distribution of data was present, log or square root transformation was conducted
and the respective statistical analyses were performed with the transformed data. If this
procedure did not improve the data heterogeneity (i.e., HbA1c, serum insulin concentration,
HOMA-index and EQ-5D index), non-parametric tests were used for analysis, including
the Friedman two-way analysis of variance by ranks, post hoc Dunn’s Bonferroni tests
for group comparisons and Wilcoxon’s tests for within-group comparisons. Effect sizes
were evaluated using partial eta-squared (ηp2) for the ANOVAs and Kendall’s coefficient
of concordance (W) for the Friedman tests, respectively, and rated as small (0.01–0.05),
medium (0.06–0.13) and large (≥0.14) for ηp2, and small (≤0.10), medium (≥0.30), and
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large (≥0.50) for W [75]. For all analyses, the significance level was set at p < 0.05. Data
are shown as means ± standard deviation (SD) and pre-/post-intervention changes of the
outcome values are reported with 95% confidence intervals (95% CI).

3. Results

3.1. Study Flow

Fifty patients (25 each for the HIIT-HR and CON groups) were randomly selected
from a larger cohort of the main trial [29] and agreed to additional blood draws during
the CPET for the determination of lactate concentrations. Thirty-seven patients were
additionally screened for eligibility to be included in the HIIT-LT group until 25 eligible
patients were enrolled, resulting in a total sample of 75 patients (25 per group). Seventeen
patients dropped out during the study (HIIT-HR = 5, HIIT-LT = 5 and CON = 7). The
reasons for dropout are depictured in Figure 1. Consequently, the final analysis involved
the data of 58 patients (HIIT-HR = 20, HIIT-LT = 20 and CON = 18). At the baseline, the
three groups did not differ significantly in the primary outcome of VO2max and the other
main outcomes of interest. Moreover, we did not detect any significant gender effects and
therefore, the data of females and males were jointly evaluated in all analyses. Compliance
with the LOW-HIIT protocols (the number of scheduled vs. completed exercise sessions)
was noticeably high in both exercise groups with 96 ± 6% in the HIIT-HR group and
94 ± 8% in the HIIT-LT group.

Figure 1. Study flow chart.

3.2. Training Data and Adverse Events

The HRLT at the baseline examination corresponded to 94 ± 4% of the HRmax in the
HIIT-LT group. The average peak HR recorded during each interval bout over the 12 weeks
corresponded to 93 ± 7% of the HRmax in the HIIT-HR group and 96 ± 3% of the HRmax in
the HIIT-LT group, respectively, verifying that the target exercise intensity was successfully
reached in both groups. The mean session HR (including the warm-up and cool-down
phase) corresponded to 79 ± 6% of the HRmax in the HIIT-HR group, and 82 ± 5% of
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the HRmax in the HIIT-LT group, respectively. The average peak HR reached during the
single intervals and the average session HR were not significantly different between both
groups (Table 1). Furthermore, there were no significant differences between both groups
in the average power output and energy expenditure per session, with average values of
99.7 ± 24.6 W, 550 ± 149 kilojoules (kJ) and 8.5 ± 2.3 kJ/FFM in the HIIT-HR group, and
105.8 ± 33.2 W, 549 ± 164 kJ and 8.5 ± 2.3 kJ/FFM in the HIIT-LT group, respectively. There
were no adverse events observed that were related to the LOW-HIIT.

Table 1. Average heart rate during intervals and during the whole exercise session 1.

Variable HIIT-HR HIIT-LT

Week 1–4
Whole session (%HRmax) 79.1 ± 5.7 81.8 ± 4.8

Intervals (%HRmax) 92.6 ± 6.0 95.5 ± 3.4
Week 5–8

Whole session (%HRmax) 78.2 ± 7.7 81.6 ± 5.4
Intervals (%HRmax) 92.3 ± 7.4 95.4 ± 4.1

Week 9–12
Whole session (%HRmax) 78.0 ± 7.3 82.0 ± 6.1

Intervals (%HRmax) 92.7 ± 8.2 95.6 ± 3.7

Values are presented as mean ± SD. HRmax = maximum heart rate. 1 including warm up, intervals, recovery
periods and cool-down.

3.3. Hydration Status and Anthropometric Data

During both examinations, the USG values were within the normal ranges for all
patients, without significant group differences. There were main effects of time for body
weight (p < 0.001, ή2 = 0.54), BMI (p < 0.001, ή2 = 0.54), FM (p < 0.001, ή2 = 0.42), FM%
(p < 0.001, ή2 = 0.29), FFM (p = 0.003, ή2 = 0.15), TBW (p < 0.001, ή2 = 0.21) and waist
circumference (p < 0.001, ή2 = 0.56). Furthermore, there was a group-by-time interaction
for waist circumference (p < 0.001, ή2 = 0.25) and trend toward an interaction effect for FM
(p = 0.055, ή2 = 0.10) All groups significantly reduced their body weight (HIIT-HR: −3.9 kg,
95% CI: −5.5 to −2.3 kg, p < 0.001; HIIT-LT: −5.6 kg, 95% CI: −7.8 to −3.4 kg, p < 0.001;
CON: −2.6 kg, 95% CI: −4.2 to −1.0 kg, p = 0.003). The quantity of weight loss was not
significantly different between the three groups (p = 0.064), but compared to the exercise
groups, the CON did not significantly reduce FM and waist circumference. Compared to
the CON, the decrease in waist circumference was larger in the HIIT-HR (−7 cm, 95% CI:
−9 to −1 cm, p = 0.010) and HIIT-LT (−8 cm, 95% CI: −11 to −3 cm, p < 0.001) groups.
Table 2 displays all group specific pre-/post-intervention anthropometric variables.

Table 2. Anthropometric and hydration variables.

Variable HIIT-HR (n = 20) HIIT-LT (n = 20) CON (n = 18)

Pre Post Pre Post Pre Post

Weight (kg) 117.1 ± 30.3 113.2 ± 29.3 c 117.5 ± 24.5 111.9 ± 24.4 c 110.7 ± 21.8 108.1 ± 23.2 b

BMI (kg/m2) 38.0 ± 7.7 36.8 ± 7.5 c 39.5 ± 8.2 37.5 ± 8.2 c 37.3 ± 5.1 36.4 ± 5.7 b

FM (kg) 50.0 ± 17.6 46.3 ± 16.4 c 52.5 ± 17.4 47.8 ± 18.2 c 49.8 ± 11.4 48.3 ± 13.7
FM (%) 42.3 ± 8.2 40.5 ± 8.5 c 44.0 ± 7.0 41.8 ± 7.9 b 45.0 ± 6.2 44.5 ± 7.1

FFM (kg) 67.1 ± 17.0 67.1 ± 18.0 65.1 ± 11.4 64.1 ± 11.1 60.9 ± 14.3 59.8 ± 13.8 b

TBW (L) 50.0 ± 13.0 49.8 ± 13.3 48.7 ± 8.4 47.8 ± 8.1 a 45.9 ± 10.3 44.9 ± 10.0 c

USG (mg/dL) 1025 ± 12 1022 ± 11 1026 ± 14 1023 ± 12 1024 ± 10 1023 ± 10
Waist (cm) 116.8 ± 21.3 110.2 ± 18.1 c 119.4 ± 13.6 111.0 ± 15.0 c 113.3 ± 13.4 111.8 ± 15.4

Values are presented as mean ± SD. BMI = body mass index, FM = fat mass, FFM = skeletal muscle mass,
TBW = total body water, USG = urine specific gravity. a (p < 0.05), b (p < 0.01), c (p < 0.001): significantly different
compared to pre-intervention.
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3.4. Nutrition Data

There was a main effect of time for energy (p = 0.024, ή2 = 0.09) and fat intake (p = 0.005,
ή2 = 0.14). Post hoc tests indicated that the reduction in energy and fat intake per day only
reached statistical significance in the CON (−410 kcal, 95% CI: −747 to −72 kcal, p = 0.020,
and −30 g, 95% CI: −46 to −8 g, p = 0.007, respectively), however, there were no significant
differences in daily calorie reduction between the groups. Pre- and post-intervention, there
were no significant group differences in nutritional intake (Table 3).

Table 3. Nutritional intake.

Variable HIIT-HR (n = 20) HIIT-LT (n = 20) CON (n = 18)

Pre Post Pre Post Pre Post

Energy (kcal/d) 2320 ± 669 2111 ± 875 2359 ± 1204 1966 ± 790 2206 ± 606 1796 ± 620 a

Protein (g/d) 96.8 ± 42.4 96.9 ± 37.9 107.3 ± 95.7 97.1 ± 60.9 94.0 ± 26.0 86.2 ± 30.5
Protein

(g/kg/d) 0.9 ± 0.3 0.9 ± 0.3 1.0 ± 0.5 0.9 ± 0.6 0.9 ± 0.3 0.9 ± 0.3

Fat (g/d) 95.4 ± 39.4 83.3 ± 39.1 86.7 ± 41.3 76.7 ± 41.2 93.9 ± 32.1 66.6 ± 26.2 b

Fat (g/kg/d) 0.9 ± 0.3 0.8 ± 0.3 0.8 ± 0.3 0.7 ± 0.4 0.9 ± 0.3 0.7 ± 0.3 a

CHO (g/d) 211.3 ± 50.1 220.6 ± 106.5 233.7 ± 104.8 186.7 ± 73.8 212.2 ± 73.0 183.9 ± 83.6
CHO (g/kg/d) 1.9 ± 0.6 2.0 ± 0.7 2.1 ± 1.0 1.7 ± 0.7 2.0 ± 0.8 1.8 ± 0.9

Fiber (g/d) 24.3 ± 9.4 23.7 ± 12.0 21.1 ± 9.0 23.4 ± 11.4 22.8 ± 13.4 22.0 ± 8.8

Values are presented as mean ± SD. CHO = carbohydrates. a (p < 0.05), b (p < 0.01): significantly different
compared to pre-intervention.

3.5. Cardiopulmonary Exercise Testing Data

During both CPET examinations, all patients fulfilled at least two maximal exertion
criteria [63]. In all three groups, there were no significant differences in pre- and post-
intervention resting lactate concentrations (HIIT-HR: 1.2 ± 0.3 and 1.1 ± 0.2 mmol/L, HIIT-
LT: 1.1 ± 0.2 and 1.0 ± 0.3 mmol/L, CON: 1.2 ± 0.3 and 1.2 ± 0.2 mmol/L), maximal lactate
levels (HIIT-HR: 7.5 ± 1.7 and 7.7 ± 2.1 mmol/L, HIIT-LT: 7.9 ± 1.5 and 7.9 ± 2.6 mmol/L,
CON: 7.9 ± 1.8 and 7.5 ± 1.8 mmol/L) RERmax (HIIT-HR: 1.03 ± 0.1 and 1.04 ± 0.1, HIIT-
LT: 1.02 ± 0.1 and 1.03 ± 0.1, CON: 1.01 ± 0.1 and 1.01 ± 0.1) and HRmax (HIIT-HR:
158 ± 17 and 160 ± 18 b/min, HIIT-LT: 156 ± 21 and 158 ± 19 b/min, CON: 158 ± 21
and 157 ± 21 b/min), indicating that maximal exhaustion levels were similar during both
examinations. In the HIIT-LT group, there was a high agreement between WLT and WVT2
(p < 0.001, r = 0.78).

A main effect of time and group-by-time interaction was found for relative (p < 0.001,
ή2 = 0.50, and p < 0.001, ή2 = 0.39, respectively) and absolute VO2max (p < 0.001, ή2 = 0.32,
and p < 0.001, ή2 = 0.42, respectively), relative (p < 0.001, ή2 = 0.67, and p < 0.001, ή2 = 0.48,
respectively) and absolute Wmax (p < 0.001, ή2 = 0.66, and p < 0.001, ή2 = 0.62, respectively),
WVT1 (p < 0.001, ή2 = 0.64, and p < 0.001, ή2 = 0.58, respectively) and WVT2 (p = 0.026,
ή2 = 0.10, and p < 0.001, ή2 = 0.39, respectively). Additionally, there was a main effect of
time for HRVT1 (p = 0.002, ή2 = 0.21) and HRVT2 (p < 0.001, ή2 = 0.26).

The HIIT-HR and HIIT-LT groups showed similar improvements in relative VO2max
(3.6 mL/kg/min, 95% CI: 2.5 to 4.7 mL/kg/min, p < 0.001, and 3.7 mL/kg/min, 95%
CI: 2.3 to 5.0 mL/kg/min, p < 0.001), absolute VO2max (301 mL/min, 95% CI: 194 to
409 mL/min, p < 0.001, and 257 mL/min, 95% CI: 154 to 360 mL/min, p < 0.001), rela-
tive Wmax (0.3 W/kg, 95% CI: 0.2 to 0.4 W/kg, p < 0.001, and 0.3 W/kg, 95% CI: 0.2 to
0.4 W/kg, p < 0.001), absolute Wmax (25 W, 95% CI: 20 to 30 W, p < 0.001, and 26 W, 95% CI:
20 to 31 W, p < 0.001), WVT1 (30 W, 95% CI: 24 to 35 W, p < 0.001, and 30 W, 95% CI: 22 to
38 W, p < 0.001) and WVT2 (17 W, 95% CI: 5 to 30 W, p = 0.012, and 22 W, 95% CI: 12 to 32 W,
p < 0.001). In the HIIT-LT group, there was a significant increase in WLT (12 W, 95% CI: 3
to 22 W, p = 0.012). None of these outcomes improved in the CON. By contrast, absolute
VO2max (−214 mL/min, 95% CI: −221 to −8 mL/min, p = 0.037) and WVT (−17 W, 95% CI:
−28 to −7 W, p = 0.003) decreased from pre- to post-intervention.
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Compared to the CON, the HIIT-HR and HIIT-LT groups exhibited significantly greater
increases in relative VO2max (4.0 mL/kg/min, 95% CI: 2.0 to 5.9 mL/kg/min, p < 0.001, and
4.1 mL/kg/min, 95% CI: 2.1 to 5.9 mL/kg/min, p < 0.001), absolute VO2max (415 mL/min,
95% CI: 237 to 594 mL/min, p < 0.001, and 371 mL/min, 95% CI: 196 to 547 mL/min,
p < 0.001), relative Wmax (0.3 W/kg, 95% CI: 0.2 to 0.4 W/kg, p < 0.001, and 0.3 W/kg, 95%
CI: 0.2 to 0.4 W/kg, p < 0.001), absolute Wmax (30 W, 95% CI: 21 to 38 W, p < 0.001, and
30 W, 95% CI: 21 to 39 W, p < 0.001), WVT1 (32 W, 95% CI: 12 to 53 W, p < 0.001, and 40 W,
95% CI: 19 to 60 W, p < 0.001) and WVT2 (35 W, 95% CI: 16 to 54 W, p < 0.001, and 40 W, 95%
CI: 20 to 59 W, p < 0.001). Pre-/post-intervention CPET outcomes for each group are shown
in Table 4.

Table 4. Cardiopulmonary exercise testing variables.

Variable HIIT-HR (n = 20) HIIT-LT (n = 20) CON (n = 18)

Pre Post Pre Post Pre Post

VO2max
(mL/kg/min) 21.6 ± 4.8 25.2 ± 5.3 c 22.0 ± 6.9 25.7 ± 7.4 c 21.6 ± 7.0 21.2 ± 7.4

VO2max (L/min) 2.4 ± 0.6 2.7 ± 0.7 c 2.5 ± 0.6 2.8 ± 0.7 c 2.4 ± 0.8 2.2 ± 0.8 a

Wmax (W/kg) 1.4 ± 0.4 1.7 ± 0.4 c 1.4 ± 0.5 1.7 ± 0.6 c 1.4 ± 0.5 1.4 ± 0.5
Wmax (W) 156.6 ± 42.0 181.3 ± 38.8 c 156.7 ± 45.1 182.2 ± 49.6 c 153.3 ± 57.7 148.5 ± 53.7
WVT1 (W) 58.0 ± 25.3 87.3 ± 24.0 c 63.4 ± 26.2 93.1 ± 30.2 c 62.2 ± 33.8 57.1 ± 28.6
WVT2 (W) 125.2 ± 35.8 142.4 ± 33.4 a 132.6 ± 35.3 154.6 ± 38.7 c 136.0 ± 41.6 119.2 ± 41.0 b

WLT (W) * — — 138.9 ± 38.8 151.3 ± 46.7 a — —

Values are presented as mean ± SD. VO2max = maximal oxygen uptake, Wmax = maximal power output, WVT1,
WVT2 and WLT = power output at ventilatory threshold 1, power output at ventilatory threshold 2 and power
output lactate threshold, respectively. a (p < 0.05), b (p < 0.01), c (p < 0.001): significantly different compared to
pre-intervention. * only determined in the HIIT-LT group.

3.6. Cardiometabolic Data

A group-by-time interaction was found for SBP (p < 0.001, ή2 = 0.29), DBP (p < 0.001,
ή2 = 0.26), MAB (p < 0.001, ή2 = 0.33) and the MetS z-score (p < 0.001, ή2 = 0.30). Addi-
tionally, a main effect of time was observed for HRrest (p < 0.001, ή2 = 0.33), SBP (p < 0.001,
ή2 = 0.43), DBP (p < 0.001, ή2 = 0.40), MAB (p < 0.001, ή2 = 0.48), HbA1c levels (p < 0.001,
W = 0.23), serum insulin concentration (p < 0.001, W = 0.25), HOMA-index (p < 0.001,
W = 0.28) and the MetS z-score (p < 0.001 ή2 = 0.61).

Post hoc tests showed that both in the HIIT-HR and HIIT-LT groups, there were
significant reductions in HRrest (−6 b/min, 95% CI: −9 to −2 b/min, p = 0.006, and
−6 b/min, 95% CI: −7 to −3 b/min, p < 0.001), SBP (−11 mmHg, 95% CI: −15 to
−7 mmHg, p < 0.001, and −13 mmHg, 95% CI: −16 to −9 mmHg, p < 0.001), DBP
(−8 mmHg, 95% CI: −11 to −4 mmHg, p < 0.001, and −10 mmHg, 95% CI: −13 to
−7 mmHg, p < 0.001), MAB (−9 mmHg, 95% CI: −12 to −6 mmHg, p < 0.001, and
−11 mmHg, 95% CI: −14 to −8 mmHg, p < 0.001), HbA1c levels (−0.2%, 95% CI: −0.4 to
−0.1%, p = 0.012, and −0.3%, 95% CI: −0.4 to −0.2%, p < 0.001), serum insulin concentra-
tions (−5 μU/mL, 95% CI: −8 to −1 μU/mL, p = 0.007, and −3 μU/mL, 95% CI: −8 to
−2 μU/mL, p = 0.019), HOMA-index (−1.3 units, 95% CI: −2.4 to −0.2 units, p = 0.005,
and −1.0 units, 95% CI: −2.1 to −0.2 units, p = 0.014) and the MetS z-score (−1.9 units, 95%
CI: −2.6 to −1.8 units, p < 0.001, and −2.5 units, 95% CI: −3.0 to −2.0 units, p < 0.001). No
significant changes occurred in the CON.

Compared to the CON, the HIIT-HR and HIIT-LT groups showed significantly greater
pre-/post-intervention reductions in SBP (−12 mmHg, 95% CI: −19 to −4 mmHg, p < 0.001,
and −13 mmHg, 95% CI: −20 to −5 mmHg, p < 0.001), DBP (−8 mmHg, 95% CI: −13
to −2 mmHg, p = 0.007, and −10 mmHg, 95% CI: −16 to −4 mmHg, p < 0.001), MAB
(−9 mmHg, 95% CI: −15 to −4 mmHg, p < 0.001, and −11 mmHg, 95% CI: −17 to
−6 mmHg, p < 0.001) and MetS z-score (−1.6 units, 95% CI: −2.6 to −0.5 units, p < 0.001,
and −2.2 units, 95% CI: −3.2 to −1.1 units, p < 0.001). Pre-/post-intervention cardiometabolic
variables for each group are shown in Table 5.
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Table 5. Cardiometabolic variables.

Variable HIIT-HR (n = 20) HIIT-LT (n = 20) CON (n = 18)

Pre Post Pre Post Pre Post

HRrest (b/min) 75.7 ± 9.8 70.3 ± 8.0 b 74.6 ± 12.4 69.4 ± 12.3 c 77.3 ± 8.8 74.7 ± 10.0
SBP (mmHg) 143.3 ± 13.1 132.0 ± 11.6 c 140.0 ± 13.6 127.4 ± 13.4 c 137.5 ± 10.9 137.8 ± 7.8
DBP (mmHg) 93.5 ± 7.8 86.0 ± 7.0 c 88.6 ± 9.7 78.4 ± 7.4 c 88.3 ± 8.9 88.4 ± 7.6
MAB (mmHg) 110.1 ± 8.3 101.2 ± 7.2 c 105.7 ± 10.2 94.8 ± 7.8 c 104.8 ± 8.8 105.0 ± 6.4

Glucose (mg/dL) 103.0 ± 18.6 101.0 ± 13.2 104.9 ± 14.1 99.8 ± 15.0 94.1 ± 17.4 92.6 ± 14.3
HbA1c (%) 5.7 ± 0.5 5.5 ± 0.4 b 5.7 ± 0.4 5.4 ± 0.4 c 5.6 ± 0.9 5.6 ± 0.7

Triglycerides (mg/dL) 135.2 ± 59.2 130.0 ± 35.0 116.5 ± 45.1 119.4 ± 55.4 120.0 ± 90.0 119.1 ± 62.4
Cholesterol (mg/dL) 219.3 ± 35.1 215.3 ± 36.2 208.8 ± 36.4 211.5 ± 34.4 218.0 ± 37.2 217.0 ± 31.1

LDL (mg/dL) 147.8 ± 28.8 143.9 ± 26.8 140.7 ± 28.0 141.2 ± 29.3 148.7 ± 29.9 148.2 ± 22.6
HDL (mg/dL) 49.2 ± 10.0 49.4 ± 11.2 47.0 ± 9.4 49.8 ± 12.0 55.1 ± 12.3 53.0 ± 12.1

Insulin (μU/mL) 18.3 ± 11.7 12.7 ± 9.3 b 19.7 ± 10.8 17.3 ± 12.8 a 18.2 ± 12.6 15.9 ± 8.0
HOMA-index 4.8 ± 3.6 3.4 ± 2.1 b 5.2 ± 3.0 4.2 ± 3.0 a 4.4 ± 3.6 3.8 ± 2.4
MetS z-score 3.3 ± 4.0 1.4 ± 3.0 c 3.3 ± 2.6 0.8 ± 3.0 c 2.0 ± 2.8 1.5 ± 3.1

Values are presented as mean ± SD. HRrest = resting heart rate, SBP = systolic blood pressure, DBP = diastolic
blood pressure, MAB = mean arterial blood pressure, HbA1c = glycated hemoglobin A1c, LDL = low-density
lipoprotein cholesterol, HDL = high-density lipoprotein cholesterol, HOMA = homeostasis model assessment,
MetS = metabolic syndrome. a (p < 0.05), b (p < 0.01), c (p < 0.001): significantly different compared to pre-
intervention.

3.7. Self-Reported Quality of Life Data

A main effect of time was detected for EQ-VAS (p < 0.001, ή2 = 0.24) and the EQ-5D
index (p = 0.031, W = 0.08). Both the HIIT-HR and HIIT-LT groups experienced a pre-/post-
intervention increase in EQ-VAS (10 points, 95% CI: 1 to 18 points, p = 0.029, and 11 points,
95% CI: 5 to 17 points, p = 0.002), whereas no significant changes were recorded in the CON
(Table 6).

Table 6. Quality of life variables.

Variable HIIT-HR (n = 20) HIIT-LT (n = 20) CON (n = 18)

Pre Post Pre Post Pre Post

EQ-VAS 63.0 ± 15.3 72.6 ± 21.1 a 63.9 ± 15.7 74.7 ± 17.2 b 60.4 ± 25.1 65.7 ± 28.3
EQ-5D index 0.84 ± 0.16 0.86 ± 0.20 0.85 ± 0.12 0.88 ± 0.14 0.87 ± 0.14 0.86 ± 0.19

Values are presented as mean ± SD. BMI = body mass index, FM = fat mass, FFM = skeletal muscle mass,
TBW = total body water. a (p < 0.05), b (p < 0.01): significantly different compared to pre-intervention.

4. Discussion

Exercise intensity is a crucial—if not the most pivotal—variable in exercise prescrip-
tion [33]. Intensity prescriptions for (LOW-)HIIT programs are typically based on percent-
ages of the HRmax, which, however, may be associated with several limitations in clinical
populations. Given the rising popularity of LOW-HIIT in prevention programs and clinical
exercise interventions, it is timely to investigate the viability of alternative approaches for
exercise intensity prescriptions in individuals, where determination of the HRmax may
not be feasible. To our knowledge, this investigation was the first to compare the effects
of a LOW-HIIT intervention based on either the HRmax or the submaximal LT in obese
patients with MetS. The major result was that the HIIT-HR and HIIT-LT produced similar
improvements in key cardiometabolic outcomes and self-reported QoL after a period of
12 weeks.

The finding that the two LOW-HIIT protocols had similar beneficial effects on car-
diometabolic health and QoL was in contrast to our hypothesis based on some previous
research, reporting that threshold-based exercise intensity prescriptions are superior to
relative percent concepts in improving various cardiometabolic outcomes [43,44,47]. When
analyzing the training data (average HR and power output), however, it becomes evident
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that the physiological demands were comparable between both LOW-HIIT protocols. Fur-
thermore, compliance with both protocols was similarly very high (HIIT-HR: 96 ± 6%, and
HIIT-LT: 94 ± 8%) and thus, it is plausible that both protocols yielded similar benefits. In
this context, it is noteworthy that 4 mmol/L LT data for obese MetS patients have rarely
been described in the literature. We found that the HRLT corresponded to 94 ± 4% of the
HRmax in our patients, which is in accordance with the well-established 3-phase model
introduced by Skinner et al. [76], illustrating that the HR at the 4 mmol/L LT typically
exceeds 90% of the HRmax.

When comparing both LOW-HIIT protocols, it is notable that all patients in our study
were able and willing to reach maximal exertion during the CPET. Thus, in general, if
patients are physically able and no symptoms occur during exercise that would require
premature termination, we recommend that CPET should be performed until exhaustion in
order to acquire maximum performance data and to use the established criteria to verify
that maximum exertion has been reached [63]. However, it is an important practical result
of this investigation that exercise intensity prescription for the LOW-HIIT protocols can
also be feasibly generated using a submaximal exercise test until the LT is reached, which
may constitute a viable approach if maximal CPET is contraindicated or patients are not
able/motivated to exercise until exertion.

Both LOW-HIIT protocols induced improvements in several health-related outcomes
that can be considered clinically meaningful. First, patients involved in the LOW-HIIT
improved VO2max by ~3.7 mL/kg/min. The importance of CRF for health and longevity has
been well-established in decades of research [13,14,77]. It has been reported, for example,
that each VO2max increase by 1 mL/kg/min is associated with a 9% risk decrease in overall
mortality [78]. Recent large-scale research verified these findings, demonstrating that each
3.5 mL/kg/min improvement in CRF is related to a decreased risk of premature death
due to cardiovascular disease and cancer each by 15% [79]. Second, the reduction in MetS
z-score indicates an improvement in overall MetS severity, which was mainly related to
reductions in blood pressure (−12 mmHg SBP/−9 mmHg DBP, on average) and waist
circumference (−8 cm, on average). Large prospective cohort studies have indicated a
reduced risk of coronary heart disease by 22% and stroke by 41%, respectively, per each
−10 mmHg SBP/−5 mmHg DBP decrease [80] and an 8% reduction in all-cause mortality
per −5 cm decrease in waist circumference [81]. Additionally, both LOW-HIIT protocols
had beneficial effects on glucose metabolism as indicated by significant reductions in the
HbA1c levels, fasting insulin and HOMA-index. Improvements in these outcomes have
been associated with improved cardiometabolic health [82] and a lower risk of colorectal
cancer [83], for example. Third, self-reported QoL improved in response to both LOW-
HIIT protocols. The mean pre-intervention EQ-VAS scores were markedly lower in our
patient cohort than the values reported for the general population [71], which is in line
with data from other researchers indicating a relationship between MetS and a diminished
QoL [8]. The marked post-intervention improvement in EQ-VAS following LOW-HIIT
underscores the well-established association between physical activity [84], CRF levels [85]
and enhanced QoL.

Taken together, these findings highlight the pleiotropic effects of exercise on a broad
range of important health markers and support the “exercise is medicine” message [86].
Although we clearly recommend that patients who are willing and capable of being more
physically active should be encouraged to perform higher volumes of exercise in order
maximize the health benefits, our observations provide further evidence [22–26] that
even very small doses of targeted exercise can provide meaningful improvements in the
physiological and psychological outcomes.

The three groups achieved an average weight loss of ~3.5% within the 12-week study
period, which is in accordance with most lifestyle-intervention programs for obesity [87].
It is noteworthy that the relative weight loss amounts tended to be greater in the two
exercise groups compared to the CON, but the total difference did not reach statistical
significance (exercise groups vs. CON, p = 0.066). This finding is not surprising as the
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three groups did not significantly differ in the amount of caloric reduction, which is the key
component to achieve a negative energy balance and to reduce body weight [88]. Although
there is evidence that (LOW-)HIIT, compared to traditional continuous endurance training,
may have different (more pronounced) effects on some physiological factors associated
with weight loss, including higher excess post-exercise oxygen consumption [89], stronger
post-exercise suppression of appetite perception [90] or greater changes in concentrations of
distinctive gut hormones and leptin [91], our results suggest that the extremely low volume
of exercise applied in the present study did not have a substantial impact on the daily
overall energy balance. Thus, when it comes to pure weight loss, higher-volume exercise
modalities with greater energy expenditure (e.g., longer-lasting endurance exercise or HIIT
involving more and/or longer intervals) may be more effective compared to our very low-
volume HIIT protocol. However, in agreement with previous reports, it is too short-sighted
to define a successful obesity treatment solely in terms of pure weight loss because it is
more important to improve the CRF and other cardiometabolic health outcomes than to
strictly follow anthropometric measures to improve morbidity and longevity [13,14,77].
In this regard, we observed substantial differences between the patients allocated to the
CON and those performing LOW-HIIT, with only the “exercisers” achieving significant
improvements in cardiometabolic health and QoL, despite similar weight loss.

Finally, we note some potential limitations to this investigation. Firstly, we note that all
patients received standard care nutritional counseling in addition to the LOW-HIIT, which
may represent a confounding variable for the observed pre-/post intervention changes.
However, we do not feel that the nutritional modification had any meaningful effect on the
major research question of this study (HIIT-HR vs. HIIT-LT) because both groups received
the same counseling and there were no significant differences in the nutritional intake
between the HIIT-HR and HIIT-LT groups. Nevertheless, it cannot be completely ruled
out that potential within- or between-group variations in nutrition might have affected the
results to some extent.

Secondly, we are well aware that numerous LT as well as VT concepts
exist [40,41,60,61,66,67,69] and one can argue why we used the fixed 4 mmol/L LT [64,65]
to prescribe the exercise intensity to the HIIT-LT group. Specific reasons for selecting the
4 mmol/L LT are given in the methodology section, but we highlight that it was the major
aim of this study to compare the effects of LOW-HIIT prescriptions based on maximal
versus submaximal exercise parameters and not to investigate which threshold concept
might be the best for obese MetS patients. Nevertheless, we do not rule out that another
threshold concept/exercise prescription approach may have achieved even better results or
might even have been superior to the HRmax-based prescription method. Future research
may wish to explore this important question. Moreover, further research is necessary to
investigate whether the findings obtained by this specific cohort of obese MetS patients
may be transferred to other (clinical) populations. Lastly, it must be considered that all the
examinations and the LOW-HIIT intervention were carried out in a well-controlled clinical
environment. Thus, it remains to be elucidated to which degree our findings can be applied
to non-clinical settings.

5. Conclusions

The HIIT-HR and HIIT-LT induced similar improvements in cardiometabolic health
and QoL in obese MetS patients. Thus, the practical take-home message for clinicians and
exercise physiologists who wish to implement LOW-HIIT in clinical populations, is that
exercise intensity can feasibly and effectively be prescribed using a submaximal LT-based
exercise test if patients are not willing or able to perform maximal CPET.
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Abstract: Fibromyalgia is a rheumatic disease characterised by chronic widespread muscular pain
and its treatment is carried out by pharmacological interventions. Physical exercise and a healthy
lifestyle act as an important mechanism in reducing the symptoms of the disease. The aims of
this study were to analyse and systematise the characteristics of combined training programs (i.e.,
type and duration of interventions, weekly frequency, duration and structure of training sessions
and prescribed intensities) and to analyse their effects on people diagnosed with fibromyalgia.
A systematic literature search was performed using the PRISMA method and then randomised
controlled trial articles that met the eligibility criteria were selected. The Physiotherapy Evidence
Database scale was used to assess the quality and risk of the studies. A total of 230 articles were
selected, and in the end, 13 articles met the defined criteria. The results showed different exercise
interventions such as: combined training, high-intensity interval training, Tai Chi, aerobic exercise,
body balance and strength training. In general, the different interventions were beneficial for
decreasing physical symptoms and improving physical fitness and functional capacity. In conclusion,
a minimum duration of 14 weeks is recommended for better benefits. Moreover, combined training
programs were the most effective for this population, in order to reduce the symptoms of the disease
with a duration between 60 and 90 min, three times a week with a light to moderate intensity.

Keywords: fibromyalgia; exercise; multicomponent training; aerobic training; resistance training;
strength training

1. Introduction

Fibromyalgia (FM) is defined as a chronic rheumatic disease and is characterised by
chronic widespread pain, muscle stiffness, sleep disturbances and cognitive problems [1–4].
In addition to these, the following symptoms are also observed: a feeling of fatigue and
changes in the psychological state [5]. Moreover, FM can include muscle pain in the tender
points, excessive fatigue, muscle strength loss and some psychological problems as mentioned
before (i.e., sleep issues, anxiety, depression and reduced levels of satisfaction with life and
self-esteem) [6,7]. Most of the time, the diagnosis is quite difficult to perform because there is
no accurate (i.e., validated) diagnostic test to identify the disease. Thus, the diagnosis of this
disease is carried out through palpation from tender points specific for FM [1].

Studies indicate that FM affects, on average, 2.1% of the world’s population and 2.31%
of the European population, implying a painful loss of quality of life for the people who
suffer from it and high economic costs [8]. The literature also points out that FM is more
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prevalent in women with values between 2.4% and 6.8% and in urban areas between 0.7%
and 11.4% [9]. In Portugal, the prevalence is estimated at 1.7% (1.1% to 2.1%) [10].

Scientifically, the exact cause of the origin of FM remains unknown, so all the treatments
of this disease are directed towards the reduction in the signs and symptoms presented [11].
In addition, the clinical control of the patient is carried out mainly through pharmacological
interventions [12]. However, this type of treatment is not effective in solving functional
problems, namely the loss of mobility and muscle strength and power, which negatively
interferes with the quality of life of patients [13,14]. In this sense, some studies have
demonstrated the importance of including non-pharmacological treatments in this pathology,
mainly the regular practice of physical exercise associated with a healthy lifestyle [5,15].

Physical exercise promotes several benefits on a physical and psychological level. A
physical exercise program works as an important mechanism that positively influences this
population, attenuating the main symptoms, such as: the feeling of fatigue, depression,
anxiety, muscle stiffness and sleep disturbances [16]. In this way, physical exercise has been
used as a form of non-pharmacological intervention [17].

The American College of Sports Medicine (ACSM) recommends performing strength
exercises (2 to 3 days/week), aerobic exercises (2 to 4 days/week) and flexibility exer-
cises (1 to 3 days/week) to attenuate or reduce the signs and symptoms of FM [18]. In
this sense, a combined training program may adjust to the recommendations for this
population [19]. due to the fact that it involves aerobic, strength and stretching exercises, si-
multaneously, inducing several important adaptations in order to cover a greater number of
symptoms. Consequently, strength, power, and aerobic capacity and power improvements
may occur [20]. This type of training can be performed in the same session or in different
sessions [21]. In this sense, aerobic exercise induces adaptations in various functional
capacities such as transport, capture and the use of oxygen [22]; strength training becomes
essential for increasing muscle strength [23,24]; and stretching exercises are beneficial to
reduce the loss of mobility due to its constant immobilisation associated with pain [25].

To better understand the benefits of different types of exercises and physical therapy in
FM, a set of studies were reviewed to obtain a comprehensive guideline for the prescription
of exercise in this population [26]. The results suggest that individuals with FM have
different responses to different types of exercise programs (e.g., aerobic training or strength
training), since these same individuals present a great diversity of signs and symptoms.
Accordingly, preference should be given to more global exercise protocols that are able
to provide positive effects to the greatest number symptoms possible. In this way, it is
important to better understand the effects of combined training and recommendations
regarding the prescription of physical exercise in individuals diagnosed with FM.

In this way, the objectives of this systematic review were to analyse and systematise
the characteristics of combined training programs (i.e., type and duration of interventions,
weekly frequency, duration and structure of training sessions and prescribed intensities)
and to analyse their effects on people diagnosed with FM.

2. Materials and Methods

This systematic review was performed following Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020 [27] and the guidelines for performing
systematic reviews in sports sciences [28]. The systematic review protocol was a priori
registered in the OSF platform with the associated project number osf.io/v37s4.

2.1. Eligibility Criteria

The studies included in the present systematic review had the following inclusion
criteria: (i) participants ≥ 18 years old with FM and autonomy, without other diseases (e.g.,
diabetes, hypertension and/or cardiovascular diseases); (ii) studies with combined training
programs (aerobic and strength) with duration ≥4 weeks; (iii) exercise training programs
supervised by a multidisciplinary team including a fitness exercise professional; (iv) ran-
domised clinical trials; (v) studies written in English because it is the universal language.
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The following items were considered the exclusion criteria: (i) participants < 18 years old
with other diseases (e.g., diabetes, hypertension and/or cardiovascular diseases); (ii) studies
with durations lower than 4 weeks and/or without combined training; (iii) studies written in
other languages than English; (iv) other studies than randomised clinical trials.

2.2. Information Sources and Search Strategy

A systematic search of three databases (Web of Science, PubMed and EBSCO) was
performed until 14 September 2022. Additionally, a manual search on the references of the
included articles was also performed.

The search strategy included the Boolean AND/OR and the following keywords:
“fibromyalgia” AND “concurrent training” OR “combined training” OR “cross training”.
The search strategy and their specificities from each database are presented in Table 1.

Table 1. The complete search strategy for each database.

Database Specificities of the Databases Search Strategy
Number of Articles in
Automatic Research

PubMed Search for title and abstract also
includes keywords

(“fibromyalgia”) AND (“concurrent training” OR
“combined training” OR “cross training” 280

Web of Science Search for title and abstract also
includes keywords

(“fibromyalgia”) AND (“concurrent training” OR
“combined training” OR “cross training” 160

EBSCO Search for title and abstract also
includes keywords

(“fibromyalgia”) AND (“concurrent training” OR
“combined training” OR “cross training” 0

2.3. Selection and Data Collection Processes

All articles found by the aforementioned search strategy were evaluated by two
authors (M.S. and A.D.M.) through titles and their abstracts in order to exclude duplicates
and articles that did not meet the inclusion criteria. In addition, the abstracts that did not
provide enough information were selected for a complete evaluation of the full article. In a
second phase, the two authors evaluated all the articles in full to carry out a second selection
according to the inclusion criteria. The lack of consensus between the two investigators
was resolved in a meeting with the third investigator (R.O.). Then, M.S. and R.O. extracted
the data while J.P.B reviewed the process.

2.4. Data Items

The following data were extracted from the selected articles: population characteristics
such as sample size, sex, age, years of diagnosed FM, country, body mass index (BMI);
intervention: characteristics of combined training programs (i.e., exercises and materials;
weekly frequency and duration of training programs; intensity; sets and repetitions);
outcomes: instruments/tools (type, manufacturer and questionnaires); aim and main
results of the studies.

2.5. Study Risk-of-Bias Assessment

The Physiotherapy Evidence Database (PEDro) scale was applied to assess the risk of
bias of the included studies. This PEDro scale was previously validated and its reliability
confirmed [29]. The PEDro scale rates eleven criteria topics, in which 10 classify the overall
score of the article, ranging from 0 (lowest quality) to 10 (highest quality). The classification
of the scores was the following: “poor” (<4 points), “fair” (4–5 points), “good” (6–8 points)
and “excellent” (9–10 points). Two authors (A.D.M. and R.O.) independently reviewed and
rated the included articles, based on the PEDro scale. Then, the same authors shared the
scores and discussed them on a point-by-point basis. When a consensus was not reached, a
third author (J.P.B) was invited to its classification to make a final decision.
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2.6. Certainty Assessment

Based on the physiotherapy evidence database scale, Tulder et al.’s [30] criteria were
applied to assess the interventions’ evidence. Thus, a study with a physiotherapy evidence
database score of ≥6 is considered level 1 (high methodological quality) (6–8: good, 9–10:
excellent) and a score of 5 or less is considered level 2 (low methodological quality) (4–5:
moderate; <4: poor).

Due to the clinical and statistical heterogeneity of the results, a qualitative review
was performed, conducting a best-evidence synthesis [31,32]. This classification indicates
that if the number of studies displaying the same level of evidence for the same outcome
measure or equivalent is lower than 50% of the total number of studies, no evidence can be
concluded regarding any of the methods involved in the study.

3. Results

3.1. Study Identification and Selection

A total of 335 articles were found across the three databases. All studies were ex-
ported using reference management software (EndNoteTM 20.0.1, Clarivate Analytics,
Philadelphia, PA, USA). A total of 105 duplicate articles were recorded and subsequently
removed. The remaining 230 articles were analysed by their titles and abstracts, and when
insufficient information was available, the article was read in full, resulting in the removal
of 288 articles deemed not to be in the scope on this review. Finally, after a complete reading
of all articles, 34 more articles were excluded for not meeting the eligibility criteria. Thus,
13 articles were included in this systematic review (Figure 1).

3.2. Study Characteristics

The sample of articles selected for this systematic review included 13 studies published
between 2000 and 2020. The studies covered an adult population diagnosed with FM and
females with ages ranging from 30 to 59 years. There were different exercise interventions
such as combined training, high-intensity interval training, Tai Chi, aerobic exercise, body
balance and strength training. Moreover, several instruments/tests were used to assess
pain, sleep quality, health status and strength gains in the upper and lower limbs. The
characteristics of the articles included in the systematic review are presented in Table 2.

3.3. Risk of Bias in Studies

Table 3 presents the assessment of risk of bias (PEDro scale). The criteria with lower
scores were related to the blinding of all participants and blinding of all persons who
administered the training protocols. Moreover, no study was classified with poor method-
ological quality.

3.4. Intervention Characteristics

The characteristics of the interventions exercise programs are presented in Table 4.
Regarding the exercises included, only main phases of each training have been reported in
the table.
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Samples < 18 years and associated 

diseases (n = 4)

Studies with < 4 weeks (n = 2)

Do not included combined training 

method (n = 6)

Language (n = 1)

Types of studies (n = 15)

Other variables (n= 4)

Figure 1. Flowchart of the Systematic Review.
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4. Discussion

This systematic review aimed to analyse and systematise the characteristics of com-
bined training programs and their effects in individuals diagnosed with Fibromyalgia. In
the studies that were analysed, significant values were found for at least one of the evalu-
ated parameters in all studies: (i) physical fitness tests [1,23,33,36,37,39–41]; (ii) decreased
symptoms and impact of FM on participants [1,5,15,17,23,33,36,37,41]; (iii) lower limb
strength [1,15,33]. These results are in line with other authors who claim that physical exer-
cise programs are important stimuli with positive influence, attenuating the symptoms of
the disease, through changes in the hypothalamic–pituitary–adrenal axis (HPA)—resulting
in the release of neurotransmitters due to exercise and controlling and/or reducing lo-
calised pain [16,42]. The major findings were the improvement of health-related life quality,
pain intensity, stiffness, fatigue, physical function, withdrawals and absence of adverse
events [17,43–45]. It is relevant to point out that the thirteen studies in the present review
provided moderate- to good-quality evidence for the mental dimension of the SF-36, VAS,
FIQ, IPAQ, improvement in %fat, FM, BMI, 6-MWT and decrease in BDI-II, pain, fatigue
and sleep. For instance, Bidonde et al. [43], who used a 15% threshold for calculation of
the clinically relevant differences between experimental and control groups, reported that
eight trials provided low-quality evidence for pain intensity, fatigue, stiffness and physical
function, and moderate-quality evidence for withdrawals and HRQL at completion of the
intervention (6 to 24 weeks).

Regarding exercise programs, previous research has shown that combined exercise
programs have more positive effects compared to single-type exercises in FM [5,46]. Both
the aerobic, strength and combined training protocols showed positive effects on the par-
ticipants as also reported by Bidonde et al. [43]. Results showed that strength training,
aerobic training and combined exercise programs resulted in favourable effects on FM
symptoms [1,5,15,23,33,35,37,40,41]. Among these, the aerobic and combined interventions
presented the highest effects on reducing the FIQ. Flexibility interventions, however, were
not significant for reducing it [47–49]. Exercise programs lasting between 13 and 24 weeks
and training sessions lasting no more than 60 min seemed to be associated with greater
improvements in pain relief. Regarding the durations of the exercise programs, it seems
that the programs longer than 6 weeks have more positive effects in this population. The
association of aerobic exercises and Tai Chi also revealed positive effects on the symptoms
presented for this population [5,23]. Aerobic exercises seem to be fundamental stimuli in
exercise programs as they induce adaptations in several systems, namely in the cardio-
vascular, energetic, neuromuscular and neuroendocrine systems [43]. The latter allows an
increase in serotonin and norepinephrine concentrations, with a consequent improvement
in mood and greater physical well-being [16,47]. The norepinephrine and serotonin are
involved in the modulation of arousal and mood and have been related to a variety of
affective functions as well as associated clinical dysfunctions [50,51]. The norepinephrine
modulates drive and energy and exerts a fine regulation of specific processes including
learning, memory, sleep, arousal and adaptation [52]. Further, exercise appears to reduce
serotonin transporter expression, increase serotonin levels and increase opioid levels in
central inhibitory pathways, suggesting that exercise can reduce pain by utilising our
endogenous inhibitory systems [50–52].

Regarding studies that evaluated the effects of aerobic exercise combined with Tai Chi
exercises, it was found that participants who performed Tai Chi exercises improved in all
assessment parameters, such as: impact of Fibromyalgia (FIQ); pain threshold; anxiety and
depression (Hospital Anxiety and Depression Scale and BDI-II); and finally, sleep quality
(Pittsburgh sleep quality index) compared to participants who performed only aerobic
exercise, who had less improvement. It should also be noted that the combined Tai Chi and
aerobic exercise groups improved the impact of Fibromyalgia (FIQ) more in the 24-week Tai
Chi groups than in the 12-week group [17,36]. In addition to these parameters, there were
also enhancements in functional capacity tests, such as sit and reach, and in the 6-MWT, in
terms of depression and anxiety [36]. Regarding the type of exercise programs in order to
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reduce the symptoms of the disease, it appears that combined training programs are the
most effective for this population.

Regarding the effects of exercise programs on muscle strength, the studies analysed in
this systematic review found that the combined exercise of aerobics and strength promotes
higher improvements in strength of concentric extension in the legs compared to the groups
that performed only aerobic exercise or strength training [23,34,35,40]. Exercise programs
including strength training, endurance and aerobics are accepted as a standard treatment
protocol in FM [33,46,53,54]. There is growing evidence and a strong recommendation of
using aerobic and strength training together for FM treatment [55].

The studies present different types of exercise, such as aerobics, strength, flexibility and
combined interventions, but some studies point to the beneficial effects of using aquatic
exercises. The properties of water and the physical activity performed in warm water seem to
positively affect FM symptoms [39,41]. Consequently, these physiological changes can help to
relax the muscles of the body [56]. In view of the benefits, the practice of physical exercises in
water has been indicated to reduce symptoms such as pain, anxiety and depression [1].

As evidenced in the literature, the main symptoms of the disease are pain and constant
immobilisation due to this fact [57]. As such, participants, when immobilised in their
daily lives, lose muscle strength, which can lead to their disability and reduced quality of
life [58]. Therefore, muscle strengthening exercises are essential for gaining muscle mass to
generate the strength needed for daily tasks in this population. Nevertheless, it was also
verified that a training protocol lasting up to 6 weeks did not generate greater benefits in
relation to the evaluated parameters, such as the pain threshold, the impact of FM (FIQ),
the functional capacity and the muscle strength gains that were greater between 14 and
24 weeks [15,34,39]. This evidence can be justified by the fact that this type of program is
carried out with light to moderate intensity, due to the type of pathology and, as such, the
results are not immediately observable, rather in the long term [52]. In addition to these
parameters, the distance covered (6-MWT) improved significantly for participants in the
exercise groups [14,33,40]. It is relevant to highlight that according to the ACSM [18], light
aerobic activity is considered as <40% and moderate is 40 to 59% of the HR reserve.

However, in the study by Atan and Karavelioglu [1], high-intensity interval training
(HIIT) plus strengthening and stretching exercises and moderate-intensity continuous train-
ing (MICT) plus strengthening and stretching exercises interventions showed significant
improvements for FM effect, pain degree, functional capacity and quality of life compared
to the control group. HIIT was not superior to MICT, but body composition parameters
improved significantly only for the MICT group. It is important to draw attention to the
fact that this study was the only one to use an intensity higher than 59% of the HR reserve
and, even so, some improvements were not noted.

Light to moderate intensity programs are recommended for this type of population,
which could be a reason why the HIIT group has not achieved improvements in pain
symptoms [59]. However, it should be noted that when muscle strengthening exercises are
combined with flexibility exercises, improvements were observed in the pain threshold,
as well as in the participants’ quality of life [34,35]. These improvements are justified by
the fact that flexibility exercises are used as a way to increase the range of motion of one or
more joints, reinforcing once again that these participants lose their mobility due to their
constant mobilisation associated with pain [60]. An important point to consider is related to
the intensity of strength training, since the protocols were not revealed. One study used six
sets [30], while the other used just one set [31]. Even so, the number of repetitions followed
the ACSM guidelines [18,61].

Studies that evaluated the effects of aerobic exercise combined with a physical exercise
program for muscle strengthening and flexibility and the group that performed only
supervised aerobic exercise demonstrated improvements in depression and in the quality
of life associated with health in both groups. However, beneficial improvements in quality
of life (SF-36) were observed in both exercise groups, with the supervised aerobic exercise
group demonstrating improvements in the dimensions of physical and social functioning,
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while the supervised aerobic exercise group combined with muscle strengthening and
flexibility exercises demonstrated improvements in the dimensions of physical functioning,
body pain, vitality and mental health [5].

This study reviews the effects of combined training programs in individuals with
FM, summarising recent reviews and describing new advances in the research related to
progressive exercise regimens (aerobic, strength and flexibility interventions), and other
forms of physical activity applied to FM (e.g., Tai Chi, Yoga and Pilates). However, since
the population with FM presents heterogeneity, including different years of diagnosis,
further investigation with regard to the short- and long-term response patterns to exercise
and physical activity prescription may lead to a better customisation program in order to
improve exercise adherence and optimise the benefits of exercise and physical activity.

For instance, six studies did not present the years of diagnosis [15,23,35–39], while the
remaining studies ranged from 1 to 13.8 years [1,17,33,34,40,41]. Such information should
be considered by fitness professional and exercise physiologists when interpreting the
positive effects.

Thus, future research examining the effects of exercise and physical activity for peo-
ple with FM are needed to elucidate the best dose–response curve for exercise intensity,
frequency and duration on symptoms. The assessment of the long-term effects on health
in this population and how long the positive effects are sustained should also be studied.
Another aspect to consider in future studies is the race description of participants. From
the 13 studies included, only one described that information [15]. Finally, when conducting
a future systematic review study on this population, a meta-analysis would be interesting
to strengthen the results of the same intervention type, which was not possible in the
present study.

5. Conclusions

According to the studies included in this systematic review, it was concluded that
the practice of physical exercise is, in general, beneficial and essential for improving the
symptoms of the disease, physical fitness and functional capacity and also in terms of
anxiety and depression.

Through the analysed studies, the most appropriate training protocol for women
diagnosed with FM, with the aim of mitigating the various symptoms of the disease,
should contain the following parameters:

(i) Minimum duration of 14 weeks and never less than 6 weeks. Programs lasting 6 weeks
did not have such positive effects in terms of the symptoms of the disease.

(ii) Combined training programs are the most effective for this population, in order to
reduce the symptoms of the disease. Training programs composed of aerobic exercises,
strength training and stretching are the most indicated.

(iii) Duration of sessions between 60 and 90 min, with the objective of executing the
program outlined according to the limitations of each participant.

(iv) Carry out the exercise program at least up to 3 times a week.
(v) Aerobic exercises should be performed at 60–65% HRmax.
(vi) Perform one set of exercises for large muscle groups (associated with pain points), con-

sisting of 8 exercises and performing 8–10 repetitions in an initial phase, progressing
to 15 repetitions. Rest at least 1–2 min between exercises.

(vii) Perform static stretching exercises lasting 30–60 s for pain points.
(viii) The intensity of the program should be light to moderate, following the ACSM

guidelines for aerobic exercise.

The results of the present systematic review demonstrate that exercise programs that
include aerobic exercises, strength training and stretching exercises are the most beneficial
to reduce the symptoms of the disease. Aerobic exercises are essential for the transport and
use of oxygen; strength training is essential for gaining muscle mass, generating strength
for the patients’ daily tasks; and stretching is essential for their mobility.
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6. Future Lines of Research

For future studies, a follow-up of the program is recommended. It would be interesting
to evaluate the participants over a year, where several assessments would be carried out at
different times regarding their physical fitness and the impact of FM. In this way, it would
be possible to collect larger sample data for a better comparison between moments.
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Abstract: Poor supervision, impaired exercise adherence, and low compliance with exercise regimens
result in inconsistent effects regarding exercise interventions. A supervised-walk training regimen
(9 km/week) may have a positive effect on functional recovery in female total knee arthroplasty (TKA).
This study aimed to evaluate the effect of a supervised walking regimen on lower limb muscle strength,
functional fitness, and patient-reported outcomes in female TKA. Twenty-eight female TKA were
allocated into a control (CON) (n = 14) or walk training (WT) (n = 14) group. WT on treadmills was
initiated 12 weeks after TKA. All patients were examined for lower muscle strength (including extension
and flexion of hip and knee), physical function (including a 6-min walk test, 8-foot up-and-go test, and
30-s chair stand test), and Knee Injury and Osteoarthritis Outcome Score (KOOS) questionnaire. Knee
flexor (WT: CON; 64.4 ± 4.1 nm/kg: 43.7±3.3 nm/kg; p = 0.001; effect size: 5.62) and extensor strengths
(WT: CON; 73.1 ± 7.5 nm/kg: 48.2 ± 2.4 nm/kg; p = 0.001; effect size: 4.47) statistically increased in the
WT group compared to the CON group. The 6-min walk test (from 341.3 ± 20.5 m to 405.5 ± 30.7 m;
p = 0.001; effect size: 2.46) and 8-foot up-and-go test (from 9.5 ± 0.7 s to 8.3 ± 0.7 s; p = 0.002; effect
size: 1.71) tests also showed significant improvements in the WT group in the follow-up compared
to the baseline. An increase in quality of life score according to the KOOS questionnaire (WT: CON;
91.0 ± 2.8: 68.1 ± 5.8; p = 0.001; effect size: 5.02) was noted in the WT group compared to the CON
group in the follow-up. WT facilitated improvements in knee muscle strength and functional outcomes
in TKA patients.

Keywords: total knee arthroplasty; walk training; knee muscle strength; quality of life

1. Introduction

Total knee arthroplasty (TKA) is a well-established knee reconstruction procedure for
treating advanced osteoarthritis (OA) and a reliable surgical procedure for alleviating pain,
accelerating functional recovery, and improving quality of life (QoL) with respect to patient-
reported outcomes [1,2]. The number of patients undergoing TKA has steadily increased
every year, and primary TKA patients aged <65 years are estimated to comprise more than
half of all TKA patients in the United States [3]. Postoperative rehabilitation following TKA is
an important issue. A decrease in the strength of both the quadriceps and hamstring occurs
following TKA. This decline in the muscle strength of the lower limbs is associated with a
decline in functional outcomes [4,5]. Postoperative rehabilitation aims to increase the range of
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motion of the knee, muscle strength, and proprioceptive functions after TKA. Various exercise
interventions have been associated with different levels of positive effects in patients after
TKA [6–9]; however, these effects are inconsistent because of poor supervision, impaired
exercise adherence, and low compliance with exercise regimens [10–12].

Walking is the most common and essential physical activity of daily living (ADL). It
is also a complex activity involving all levels of the neuromuscular and cardiorespiratory
systems and has numerous health benefits [13]. Meanwhile, walking training has a positive
effect on the health-related and perceived quality of Life in older persons [14,15]. Thus,
we performed an easy training regimen, walk training (WT), on patients in TKA recovery
for the purpose of reducing the bias of poor supervision. Because the number of female
patients who had undergone TKA was approximately twice that of men between 2001
and 2010 [16], this study focused only on female patients who had undergone TKA. Addi-
tionally, patient-reported outcome measurements are routinely used in clinical research
for assessing patients’ health statuses [17]. The Knee Injury and Osteoarthritis Outcome
Score (KOOS) questionnaire is the most reliable and relevant patient-reported outcome
measurement to assess knee-specific and related problems, including patients’ quality
of life [18]. Therefore, we used the KOOS questionnaire to evaluate the health status of
TKA. This study aimed to evaluate the effect of a supervised walking regimen on lower
limb muscle strength, functional fitness, and patient-reported outcomes in female patients
with TKA. We hypothesized that the WT would have positive effects on low limb muscle
strength, performance on the functional fitness test, and KOOS in female TKA.

2. Materials and Methods

2.1. Participants

The retrospective cohort study was approved by the Ethics Committee and Institu-
tional Review Board (IRB: 102-0979B, Approval Date: 26 April 2013). The participants were
recruited in the orthopedic clinic of the hospital, and the orthopedic physician explained
the protocol to the participants. All patients provided informed consent. The eligibility
criteria were female patients aged 60~80 who had been diagnosed with Ahlbäck stage
III-IV knee OA [19] without infectious joint disease or rheumatic disease, and who had
undergone TKA without additional surgeries such as ligament reconstruction or corrective
osteotomy. Patients with diabetes, a neuromusculoskeletal disorder, history of fracture of
the lower limb, or the presence of an artificial limb, as well as those who were unsuitable
for exercise training, were excluded.

The participants were allocated into two groups by their willingness. Patients in the
control (CON) and WT groups followed the routine postoperative rehabilitation protocol,
including a self-administered straight leg raise (in a sitting position, static stretching exer-
cises for hamstrings and gastrosoleus muscles), and a range of motion exercise consisting
of terminal knee extension with weight; straight leg raises with weight in the supine and
side-lying positions; and prone, hip, and knee flexion–extension with weight in supine as
well as knee flexion–extension with weight in prone. Moreover, participants in the WT
group practiced an extra walking intervention for 24 weeks.

WT was started 3 months after TKA, because patients could tolerate exercise training
as the pain had notably decreased at this time [8]. All assessments in both the CON
and WT groups were performed at the following time points (Supplementary Figure S1):
preoperatively, 12 weeks postoperatively (baseline), 12 weeks after the start of training
(mid-exercise), after training (post-exercise), and 12 weeks after completing the training
(follow-up). All assessments in both groups were conducted on the same day by the
same experienced investigator, who was blinded to the participant allocation, at the Sports
Medicine Center.

From August 2015 to August 2017, 46 female patients with end-stage OA were iden-
tified from the author’s clinics. Among these, nine patients were excluded because they
did not meet the inclusion criteria. In total, 37 female participants were enrolled. After
the initial allocation, there were 18 patients in the CON group and 19 patients in the WT
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group. Because four patients in the CON group declined the following assessments and
five patients in the WT group discontinued the intervention, nine patients were excluded
from the final analysis. Thus, 28 patients (14 each in the CON and WT groups) completed
the treatment regimen and were included in the final analysis (Figure 1; the template of the
flow chart was adopted from the reference [20]).

Figure 1. Flowchart of patient enrollment.

2.2. Sample Size

The sample size was determined using G*power software version 3.1.9.7. (Heinrich
Heine University, Dusseldorf, Germany). The input parameters used for the t test were
alpha = 0.05, effect size d = 0.8, and the power was calculated as 0.8. The total sample size
was calculated to be 30 participants, with fifteen participants in each group. In previous
patients’ surveys, most patients were divided into different groups, with the number of
people in each group ranging from 14 to 20 for statistical analysis [7,8,21]. The intraclass
correlation coefficient (ICC), typical error (TE), and percentual coefficient of variation (CV)
were calculated to access intertest correlation (Supplementary Table S1).

2.3. WT Course

Schimpl and his colleagues reported that the average walking speed of elders aged over
60 years is about 1.2 m/s (~4.32 km/h) [22]. Additionally, Serwe and his colleagues reported
that the effective duration (30 minutes/day × 5 days) of walk training for increasing
physical activity in women is a total of 2.5 hours a week [23]. Thus, a total distance of
10.8 km (4.32 km/h × 2.5 h = 10.8 km) per week might be an effective prescript of walk
training for healthy women. Considering the patients’ baseline 6-minute walk testing
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results (average walking speed about 3.4 km/h in the two groups), a total distance of
8.5 km (3.4 km/h × 2.5 h = 8.5 km) a week was determined to be a more effective prescript
of walk training for female TKA patients. Therefore, we determined that the training target
was to finish a total of 9 km a week. The participants in the WT group were asked to
complete a total distance of 9 km a week on the treadmill with unlimited walking speed, at
an intensity of 50–70% of the target heart rate, monitored by a POLAR FT40 monitor (Polar
Electro Oy, Kempele, Finland). The walking speed was dependent on the individual, and
the entire training process was recorded and supervised by a trained physical therapist at
the Sports Medicine Center. Maximum heart rate (100% target heart rate) was calculated
using the 220-age formula [24]. During the training period, the patients’ motion and
physical conditions were supervised by at least one trained physical therapist for the WT
group. To determine the distance and reduce injury risk from the environment, such as
uneven or sloping ground, WT was performed using the JOHNSON Matrix T50X treadmill
(Johnson Health Tech, Taichung, Taiwan).

2.4. Muscle strength

The isokinetic dynamometer HUMAC NORM system (CSMi®, Stoughton, MA, USA)
was used to assess the lower extremity muscle strength of the affected leg, including the
extension and flexion of the hip and knee [7]. The muscle strength of the hip was evaluated
when participants were in the supine position, and that of the knee was tested in the seated
position. Angular velocity of 60◦ per second was set in the concentric contraction model.
Isokinetic tests were performed five times for each examination, and the maximum force
was recorded. There was a 3-min rest period between hip and knee trials. Body composition
is associated with muscle strength, especially fat-free mass. To avoid the influence of body
composition, the value of muscle strength was normalized by body weight. Normalized
force is an effective and useful method to compare persons of different individual sizes [25].

2.5. Functional Fitness Test

The 6-minute walk test (6MWT), the 8-foot up-and-go test (8UG), and the 30-second
chair stand test (30CST) were used to assess exercise capacity, motor agility, and lower-
body muscle strength, respectively. The details of these tests, such as criterion-referenced
standard, validity, and reliability, have been described in a previous study [26]. The
procedure of 6MWT is to measure the distance that the subject can walk over a total of
six minutes on a hard and flat surface. The protocol of the 8UG is to record the time that
the subjects are asked to rise from a chair placed next to a wall, walk to a traffic cone at
8 feet in front of the chair, turn, walk back, and sit down. The 30CST is intended to record
the number of times the subjects stand up with a straight back and hands on the opposite
shoulder crossed at the wrists from a chair without armrests in 30 seconds.

2.6. Knee Injury and Osteoarthritis Outcome Score (KOOS) Questionnaire

Clinical knee scoring was used to assess outpatients’ self-reported outcomes by using
the Chinese version of the KOOS questionnaire [27]. KOOS contains forty-two items
in the five subscales, named Symptoms (seven items), Pain (nine items), Activity of
daily livings (ADL; seventeen items), Sport (five items), and knee-related quality of life
(QoL; four items). All items have five possible answer options presented with a Likert
scale. The scores range from 0 (Good) to 4 (Worse). Each subscale score is calculated
using 100 − Mean score (All items in each subscale) × 100

4 formulas, and scores are transformed to a
0–100 scale. A zero score indicates an extreme problem.

2.7. Statistical Analysis

All data were analyzed using the Statistical Package for the Social Sciences, Windows
version 17.0 (SPSS®, Chicago, IL, USA). The difference in demographic data between the
two groups was tested by the unpaired Student’s t-test. Generalized estimating equations
(GEEs) [28] were used to resolve the differences of each assessment outcome between the
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WT and CON groups, as well as within the groups. The Shapiro–Wilk results showed no
abnormal distributions in either group in pre-operation (Supplementary Table S2). The
effect size (ES) was used to measure the difference between group means. The relative ES
was calculated using Cohen’s d, which is defined as the difference between two means
divided by a standard deviation for the data. The primary outcome of the study was the
QoL subscale of KOOS. The effect size between the CON and WT groups at follow-up
was 5.02, which indicates a huge effect size [29]. The ideal power was considered to be
80%, with a 0.05 type I error. All continuous data are presented as the mean ± standard
deviation, and p-values of <0.05 were considered statistically significant. To reduce bias,
we attempted to identify controls with matching ages and body mass indices.

3. Results

The patients’ demographic data are shown in Table 1. The mean age was 68.5 ± 6.6
and 69.7 ± 2.8 years in the CON and WT groups, respectively. Height and weight were
similar between the CON and WT groups. Lower extremity muscle strength, functional
test results, and KOOS scores were similar between the CON and WT groups (p > 0.05).

Table 1. The demographic characters of patients at the pre-operative assessment.

Characters CON (N = 14) WT (N = 14) p ES

Age (years) 68.5 ± 6.6 69.7 ± 2.8 0.372 0.23
Height (cm) 152.0 ± 5.8 152.8 ± 4.9 0.877 0.14
Weight (kg) 65.9 ± 11.5 66.4 ± 9.8 0.682 0.04

BMI (kg/m2) 28.4 ± 4.0 28.4 ± 3.4 0.567 0.01

Pre-operation

Muscle strength
HE (Nm/kg) 72.0 ± 8.2 79.0 ± 9.2 0.571 0.80
HF (Nm/kg) 32.4 ± 3.5 31.3 ± 4.1 0.844 0.28
KE (Nm/kg) 42.1 ± 2.9 41.5 ± 5.3 0.941 0.14
KF (Nm/kg) 41.8 ± 3.0 45.2 ± 2.4 0.376 1.25

Functional test
6MWT (m) 309.1 ± 31.4 326.1 ± 29.7 0.693 0.55
8UG (sec) 9.5 ± 1.6 10.7 ± 1.3 0.541 0.82

30s-CST (Times) 10.6 ± 1.1 10.4 ± 0.9 0.836 0.19

KOOS
Sym 63.9 ± 5.1 63.7 ± 6.3 0.983 0.03
Pain 65.6 ± 4.8 63.8 ± 5.6 0.817 0.31
ADL 64.5 ± 4.9 68.4 ± 6.2 0.611 0.69

Sports 40.6 ± 7.1 35.5 ± 4.4 0.550 0.86
QoL 61.1 ± 5.4 51.5 ± 5.8 0.218 1.71

Data are presented as mean ± SD. Abbreviations: CON: control; WT: walk training; HE: hip extension; HF: hip
flexion; KE: knee extension; KF: knee flexion; 6MWT: 6-min walk test; 8UG: 8-foot up-and-go; 30 s-CST: 30-s chair
stand test; Sym: symptom; ADL: activity of daily living; QoL: quality of life; ES: effect size. There was no difference
between the two groups.

In the lower extremity muscle strength assessment, the WT group exhibited a signifi-
cant increase in hip extensor, knee extensor, and knee flexor muscle strengths compared
to the CON group at the post-exercise assessment, and the differences in knee extensor
and flexor muscle strengths lasted until the follow-up (Table 2). When participants were
compared within each group in a temporal manner (Table 3), the CON group exhibited a
significant increase only in knee extensor muscle strength at the final follow-up compared
with the baseline measurement. However, the WT group exhibited a significant increase in
hip extensor, knee extensor, and knee flexor measurements at the post-exercise assessment
compared with the baseline. The knee extensors even exhibited a significant increase in
muscle strength during the mid-exercise assessment.
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Table 2. Comparison of muscle strength between two groups of TKA patients.

(Nm/kg) Baseline Mid-Exercise Post-Exercise Follow-Up

CON WT ES p CON WT ES p CON WT ES p CON WT ES p

HE 71.5
± 5.4

85.9
± 9.9 1.58 0.199 74.6

± 9.6
102.6 ±

12.5 2.51 0.074 77.5
± 8.0

116.9
±

11.3 §
4.02 0.004 *

87.6
±

10.6

106.8
± 9.4

§
1.91 0.177

HF 27. 6
± 2.8

33.4
± 3.6 1.79 0.190 26.4

± 4.3
34.5 ±

4.2 1.90 0.172 27.4
± 3.6

37.1
± 4.7 2.32 0.094 29.6

± 3.1
33.9
± 5.4 0.97 0.452

KE 40.3
± 5.1

45.2
± 4.9 1.17 0.476 45.9

± 4.1
57.6 ±
5.7 § 2.36 0.091 48.2

± 2.4

73.1
± 7.5

§
4.47 0.001 *

54.2
± 3.2

§

71.4
± 6.6

§
3.31 0.019

*

KF 43.6
± 4.0

46.1
± 3.0 0.70 0.615 49.8

± 3.6
54.1 ±

4.0 1.13 0.406 43.7
± 3.3

64.4
± 4.1

§
5.62 0.001 * 43.1

± 3.0

65.0
± 2.6

§
1.27 0.001

*

Data are presented as mean ± SD. *: A significant difference between two groups. §: Significant difference
compared to baseline within the individual group (p < 0.05). Abbreviations: CON: control; WT: walk training;
HE: hip extension; HF: hip flexion; KE: knee extension; KF: knee flexion; ES: effect size. There were significant
differences in knee extension and flexion between the two groups.

Table 3. The effect sizes and p-values of comparison of muscle strength between different time points
and baselines within the WT and CON groups.

ES p

Variable Mid-Exercise Post-Exercise Follow-Up Mid-Exercise Post-Exercise Follow-Up

WT

HE 1.48 2.92 2.17 0.211 0.002 0.024
HF 0.28 0.88 0.11 0.751 0.514 0.154
KE 2.33 4.40 4.51 0.032 0.001 0.012
KF 2.26 5.09 6.73 0.301 0.002 0.001

CON

HE 0.40 0.88 1.91 0.468 0.216 0.165
HF 0.33 0.06 0.68 0.532 0.151 0.205
KE 1.21 1.98 3.26 0.541 0.304 0.023
KF 1.63 0.03 0.14 0.665 0.501 0.487

Abbreviations: CON: control; WT: walk training; HE: hip extension; HF: hip flexion; KE: knee extension; KF: knee
flexion; ES: effect size.

The functional outcomes of the functional fitness tests (Table 4) revealed that the
results of the 6MWT, 8UG, and 30CST did not differ significantly between the CON and
WT groups at each assessment time point. However, in the temporal comparison (Table 5),
the results of the 6MWT and 8UG showed significant improvements at the mid-exercise,
post-exercise, and follow-up measurements compared with baseline measurements in the
WT group, but not in the CON group.

Table 4. Comparison of physical function fitness between the two groups of TKA patients.

Baseline Mid-Exercise Post-Exercise Follow-Up

CON WT ES p CON WT ES p CON WT ES p CON WT ES p

6MWT
(m)

331.0
±

16.5

341.3
±

20.5
0.55 0.696

346.6
±

14.8

375.2 ±
21.4 § 1.55 0.271

346.1
±

16.8

400.1
±

23.8 §
2.62 0.40

345.8
±

16.5

405.5
±

30.7 §
2.42 0.093

8UG (sec) 10.4
± 0.7

9.5 ±
0.7 1.28 0.386 9.1 ±

0.5
8.5 ±
0.5 § 1.20 0.427 9.1 ±

0.8
8.6 ±
0.8 § 0.62 0.692 9.2 ±

0.6
8.3 ±
0.7 § 1.38 0.302

30s-CST
(Times)

11.9
± 0.9

12.2
± 0.7 0.37 0.764 12.6

± 0.6
14.0 ±

1.0 1.69 0.238 12.6
± 0.8

14.21
± 1.0 1.76 0.211 12.8

± 0.7
14.0
± 1.2 1.22 0.370

Data are presented as mean ± SD. §: Significant difference compared to baseline within the individual group
(p < 0.05). Abbreviations: CON: control; WT: walk training; 6MWT: 6-minute walk test; 8UG: 8 feet up-and-go;
30s-CST: 30-second chair stand test; ES: effect size. 6MWT and 8UG tests were statistically improved after WT in
female TKA patients at the post-exercise and follow-up evaluations.

The self-explanatory KOOS questionnaire revealed (Table 6) that the QoL subscale was
significantly increased in the WT group compared to the CON group at follow-up. When a
temporal comparison was performed within each group (Table 7), scores for the subscales
of symptoms, pain, and ADL exhibited significant improvements in both the CON and WT
groups at the follow-up compared with the baseline. The improvement in scores in the
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pain and ADL subscales in the WT group occurred at an earlier time point (pain scores
decreased at the post-exercise evaluation; ADL scores increased at the mid-and post-exercise
evaluations). Among these subcategories, scores for the QoL subscale in the WT group
exhibited a significant increase in the post-exercise and follow-up assessments compared with
the baseline; however, these improvements were not observed in the CON group.

Table 5. The effect sizes and p-values of comparison of physical function fitness between different
time points and baselines within the WT and CON groups.

ES p

Variable Mid-Exercise Post-Exercise Follow-Up Mid-Exercise Post-Exercise Follow-Up

WT
6MWT 1.62 2.65 2.46 0.031 0.012 0.001

8UG 1.64 1.20 1.71 0.029 0.031 0.002
30s-CST 2.09 2.33 1.83 0.376 0.471 0.389

CON
6MWT 0.96 0.90 0.85 0.588 0.546 0.437

8UG 2.14 1.73 1.84 0.632 0.652 0.594
30s-CST 0.92 0.82 1.12 0.417 0.374 0.360

Abbreviations: CON: control; WT: walk training; 6MWT: 6-minute walk test; 8UG: 8 feet up-and-go; 30s-CST:
30-second chair stand test; ES: effect size.

Table 6. Comparison of Knee Injury and Osteoarthritis Outcome Score (KOOS) subscales between
two groups of TKA patients.

Baseline Mid-Exercise Post-Exercise Follow-Up

CON WT ES p CON WT ES p CON WT ES p CON WT ES p

Sym 62.1
± 4.9

71.1
± 5.4 1.74 0.200 71.2 ±

5.7 §
76.0
± 4.7 0.91 0.487 70.9

± 4.9
78.2 ±

3.9 1.64 0.253 83.0 ±
4.1 §

86.7
± 3.8

§
0.93 0.514

Pain 78.2
± 3.4

79.5
± 4.4 0.33 0.794 84.8 ±

3.5
87.6
± 4.0 0.74 0.584 84.3

± 4.3
90.5 ±
2.0 § 1.84 0.185 91.1 ±

3.1 §

97.3
± 1.5

§
2.54 0.072

ADL 76.3
± 3.2

76.6
± 4.7 0.07 0.923 80.2 ±

5.1

89.8
±

2.4§
2.40 0.083 78.7

± 5.1
87.6 ±
2.6 § 2.19 0.118 92.0 ±

2.5 §

94.6
± 1.3

§
1.30 0.322

Sports 47.0
± 5.2

42.3
± 2.8 1.12 0.439 43.6 ±

3.8
50.5
± 4.5 1.65 0.229 45.1

± 4.7
44.0 ±

2.8 0.28 0.835 45.2 ±
3.8

45.6
± 4.9 0.09 0.936

QoL 56.6
± 4.7

60.0
± 6.3 0.61 0.696 64.6 ±

7.3
71.4
± 6.0 1.01 0.474 63.4

± 5.8
72.8 ±
4.3 § 1.84 0.193 68.1 ±

5.8

91.0
± 2.8

§
5.02 0.001

*

Data are presented as mean ± SD. *: A significant difference between two groups. §: Significant difference
compared to baseline within the individual group (p < 0.05). Abbreviations: CON: control; WT: walk training;
Sym: symptom; ADL: activity of daily livings; QoL: quality of life; ES: effect size. The scores of the QoL subscale
in the WT group exhibited a significant increase in the post-exercise and follow-up assessments compared with
the baseline.

Table 7. The effect sizes and p-values of comparison of KOOS subscales between different time points
and baselines within the WT and CON groups.

ES p

Variable Mid-Exercise Post-Exercise Follow-Up Mid-Exercise Post-Exercise Follow-Up

WT

Sym 0.97 1.51 3.34 0.521 0.321 0.002
Pain 1.93 3.22 5.42 0.074 0.024 0.002
ADL 3.54 2.90 5.22 0.032 0.008 0.002

Sports 2.19 0.61 0.83 0.658 0.713 0.072
QoL 1.85 2.37 6.36 0.067 0.012 0.001

CON

Sym 1.71 1.80 4.63 0.047 0.051 0.035
Pain 1.91 1.57 3.97 0.514 0.624 0.041
ADL 0.92 0.56 5.47 0.727 0.694 0.037

Sports 0.75 0.38 0.40 0.865 0.792 0.698
QoL 1.30 1.29 2.18 0.476 0.523 0.331

Abbreviation: CON: control; WT: walk training; Sym: symptom; ADL: activity of daily livings; QoL: quality of life;
ES: effect size.
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4. Discussion

The most important findings of the present study were the statistical increase in the
QoL subcategory of KOOS and the knee muscle strength (extensors and flexors) in the WT
group compared to the CON group at follow-up (Tables 2 and 6). While the comparison
was performed within the individual group in a temporal manner (Tables 3 and 5), the knee
extensors and functional fitness test (6 MWT: ambulatory capacity, 8UG: motor agility) in the
WT group were improved at the mid-exercise, post-exercise, and follow-up measurements
compared with the baseline, suggesting that WT enhanced the recovery of functional mobility
after TKA [30–33]. These increases were based on the concomitant improvements in the
pain, symptoms, and ADL subcategories of KOOS after TKA, quadriceps training, and
range of motion exercises [10,34,35]. In addition to the range of motion of knee and muscle
strength on which the TKA standard exercises focus, WT may provide extra endurance
and proprioception.

Many studies have shown that an increase in the quadriceps strength of TKA patients
is associated with superior outcomes and performance [36–40]. Previous studies have also
revealed that muscle strengthening improves quadriceps strength and functional fitness
test scores (timed up-and-go, stair-climbing test, and 6MWT) [41,42]. Our results were
similar to other findings in the literature, and showed that the knee extensor and flexor
strength in the WT group significantly improved compared with the CON group (Table 2).
In the temporal comparison within individual groups, the knee extensor improvement in
the WT group occurred simultaneously with the improvements in the 6MWT and 8UG
functional tests (Tables 4 and 5), as well as in the ADL domains of KOOS (Tables 6 and 7).
These results imply that lower leg muscle strength is a determinant physical factor and
plays a pivotal role in functional outcomes in TKA patients [43,44]. However, no significant
difference in the 6MWT, 8UG, or the ADL subscales of KOOS was observed between
the two groups. The lack of a significant difference might have resulted from the small
sample size.

All patients in the WT group were supervised by a trained physical therapist during
training, and no patient in the WT group reported discomfort or needed further medical
management. Our results suggest that WT is beneficial for patients who have undergone
TKA. Considering the ease of standardization and performance of WT, it can be effectively
applied during rehabilitation following TKA in community-dwelling patients. However, a
trained physical therapist also plays an important role in the intervention. In this study,
a therapist monitored the status of the participants and gave real-time assistance when
the participants had an issue during the exercise. Therefore, the deployment of a trained
physical therapist would be recommended.

Several limitations of this study should be acknowledged. First, evidence regarding
the entire effect of WT in TKA was restricted because of the small sample size in this
retrospective study. Nevertheless, improvements in muscle strength and function over
time indicated the benefits of WT in TKA. Second, our results (12 months after surgery)
did not fully demonstrate the long-term effects of WT. The results showed that multiple
metrics gradually improved in the CON group. Third, there was no random allocation,
and certain participants could be more motivated, which could influence the results. Thus,
a larger randomized controlled trial is needed to verify the findings of this study, as it was
limited to only 28 who completed the study out of 46 total patients. Fourth, neuromuscular
activation also plays a critical role in muscle function. Electromyography of the lower limbs
might be included for greater clarity regarding the effect of WT on the neuromuscular
system in further study.

5. Conclusions

During WT, no patient in the WT exercise group reported discomfort or injury or
required further medical management. The 9 km/week WT protocol is feasible for TKA
patients. The WT could significantly improve muscle strength (knee flexion and extension),
functional outcome (6WT and 8UG), and QoL of patients. The simplicity of WT could re-
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duce the limitations of poor supervision, impaired exercise adherence, and low compliance
with exercise regimens, which cause poor rehabilitation outcomes. The authors believe that
WT should be broadly applied in the rehabilitation of patients who have undergone TKA.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/healthcare11030356/s1, Figure S1: Schematic diagram of the
experimental time course; Table S1: The coefficient of validity and reliability in the WT and CON
groups; Table S2: Shapiro–Wilk test of normality.
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Abstract: Background: Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous
system that leads to a great deterioration in the quality of life. Objective: We aimed to assess the
effectiveness of two individual programs, one based on transcranial direct current stimulation (tDCS)
and another based on the effect of physical exercise on fatigue and quality of life in patients with MS.
Methods: A total of 12 patients with relapsing–remitting and progressive secondary MS participated.
Fatigue and quality of life were assessed before and after intervention. The exercise program and
tDCS were carried out over a 4-week period, with a washout period of 5 months. Results: The results
show significant improvements in the different quality of life subscales after the application of tDCS,
activities of daily living (r = 0.625; p = 0.037) (g = 0.465), psychological well-being (r = 0.856; p = 0.004)
(g = 0.727) and coping (r = 0.904; p = 0.18) (g = 0.376), and in those after the application of exercise,
activities of daily living (r = 0.853; p = 0.003) (g = 0.570) and psychological well-being (r = 0.693;
p = 0.041) (g = 0.417). After the application of both therapies, more than 50% of the subjects did not
have a positive fatigue score on the MFIS scale. Conclusion: The major findings suggest that the
application of both therapies produces a beneficial effect with significant improvements in the quality
of life of this sample.

Keywords: physical training; activities of daily living; Modified Fatigue Impact Scale

1. Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system,
with effects including demyelination, axonal loss and inflammatory episodes, making MS
the most common cause of neurologic disability in young adults in the Western world [1,2].
Its distribution and prevalence are heterogeneous, and the global median prevalence is 33
per 100,000 people. Generally, young adults are the most affected, and the disease is more
frequent in the female sex (3:1) [3,4].

Motor and cognitive dysfunctions are frequent in this type of patients. The limitation
of activities, the onset of psychiatric disorders and fatigue cause severe disability, which
worsens the physical condition, mobility and quality of life. Quality of life is more limited
than in the general population or in those with other chronic diseases, and the decline is
progressive in at least one-third of patients after diagnosis [5–7].

The worsening of symptoms in this population is associated with lower levels of
physical activity, independently of other factors such as depression, neurological disability
or the course of the disease, which have a serious impact on quality of life [8]. Therefore,
the application of a concurrent physical exercise program, such as the one applied by
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Grazioli [9], improves the quality of life as well as other factors that affect it, such as the
severity of the illness, depression and fatigue.

Another beneficial therapy for MS symptoms is the use of transcranial direct current
stimulation (tDCS). The application of anodic-type tDCS produces an increase in cortical
excitability, changes in the neurotransmission system of glial cells and changes in the state
of the cerebral microvasculature and inflammatory processes [10]. In fact, the application
of anodic-type tDCS on the left dorsolateral prefrontal cortex (DLPFC) shows a significant
decrease in fatigue, but only the Mortezanejad [11] study has assessed its impact on quality
of life, reporting improvements that were maintained up to 4 weeks after intervention.

The current evidence on MS shows a tendency toward improvement in quality of life
after the application of an exercise program or anodic tDCS on the DLPFC area. However,
such evidence is insufficient to prove these treatments’ effectiveness, and it is important
to consider that most studies apply a very small number of sessions of tDCS to an MS
population. From this point of view, it is important and necessary to carry out a study
with objectives that focuse on the analysis of quality of life after the application of the
two interventions. Our hypothesis is that subjects receiving these treatments will show an
improvement in quality of life and in the variable of fatigue.

2. Materials and Methods

2.1. Study Design

A cross-over design was used to carry out this study. On 2 March 2020, the tDCS was
applied to the first participant; however, due to health measures imposed by COVID-19,
the study was discontinued. Data collection was resumed on 8 June 2020, and this first
period ended on 28 August 2020. After a washout period of 5 months, the exercise program
was implemented following the guidelines of Muñoz et al. (2022) [12], and data collection
was completed on 19 April 2021.

2.2. Participants

A sample size calculation was carried out by calculating the difference between de-
pendent groups utilizing the G*Power-3.1.9.2 software (G*Power©, Dusseldorf University,
Dusseldorf, Germany). The predetermination of sample size was calculated for α-error
of 0.05 and B error of 0.20. However, after the COVID-19 pandemic, many of the people
with MS who attended the rehabilitation centers where the sample was recruited stopped
attending due to caution or fear, which made recruitment difficult. For this reason, a
crossover design was chosen. In addition, our sample is very small; for this reason, the
findings from the patients we present must be considered as preliminary results, and the
study should be considered as a pilot study.

In this study, 15 patients participated (6 females and 9 males), but 3 of them were ex-
cluded. The reasons for exclusion were as follows: the first one had a surgical intervention,
the second presented with COVID-19 and the third was hospitalized due to exacerbation
of the disease. The sample was recruited at the Palencia head office of Aspaym Castilla y
León and at the Multiple Sclerosis Association of the city of Palencia.

The inclusion criteria followed in this study were a diagnosis of multiple sclerosis (no
type of MS was excluded), a score of 38 points or more indicating the presence of fatigue on
the Modified Fatigue Impact Scale (MFIS) [13], ability to walk at least 20 m without rest and
age of older than 18 years. However, patients were excluded if they had any disease that
could affect muscle function, along with those with a cardiovascular risk profile, respiratory
disease or other disturbances that could interfere with the exercise program. Those who
were pregnant or who did not have a good understanding of and good writing skills in
Spanish were also excluded.

2.3. Ethical Considerations

The study was approved by the legal ethical committee of the University of León
ULE-010-2020. The principles described in the Declaration of Helsinki were followed. An
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information sheet was given describing the study, including its risks and benefits. This
was also explained verbally, in case there were any doubts, including that participants may
abandon the intervention at any time. All participants agreed to and signed the written
informed consent form prior to enrollment into the study. All participants consented to the
publication of identifiable details, which may include photograph(s), video, case history
and/or personal details in an online open-access publication.

2.4. Interventions
2.4.1. Transcranial Direct Current

The HDCstim stimulator (Newronika, Milán, Italy) was used for the application of
tDCS: #HS0042/01-13; HDcel: #HE0021/02-13. Direct current stimulation was distributed
with 2mA of current intensity in 35cm2 sponge electrodes. During the session, the current
was increased during the first 15 s to a maximum of 2mA that was maintained throughout
the 20 min stimulation session.

An adjustable head mesh was used to fix the stimulation electrodes in place, and
the points of application were determined with the 10–20 EEG system, using the protocol
described by DaSilva [14] (Figure 1), as this has been proven to be a useful and cost-effective
method to localize the cortical areas. The cathode was laid in the right supraorbital cortex,
while the anode was laid in the left DLPFC region (F3 according to the 10–20 EEG system).
A total of 10 sessions, 20 min in duration, over the course of 4 weeks were applied by a
specialized physiotherapist.

Figure 1. DLPFC (dorsolateral prefrontal cortex) position.

2.4.2. Exercise Program

The exercise program, applied by a specialized physiotherapist, consisted of both
strength and aerobic training. Current evidence shows that this type of training is more
effective than others for the treatment of fatigue in MS [15,16]. The exercise program
was distributed over 4 weeks and conformed to the recommendations that exist for the
development of exercise programs in this group of patients [16–19]. The exercise plan
was carried out over 4 weeks, where the sessions progressively increased in intensity
(Tables A1 and A2). The strength and aerobic training sessions were performed on different
days according to the recommendations established for this population group.

The strength training was carried out in a circuit. In each circuit, there were 6 exercises
of pushing and pulling exercises of the upper and lower limbs, trunk and pelvic girdle.
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Two circuits were designed that require working the same muscle groups, but in different
positions, thus adapting the circuit to facilitate its execution for subjects with some func-
tional limitation and involving the same muscular activity. Moreover, the repetitions and
the rest time between exercise and circuits were set in the program. The intensity used for
the aerobic training was moderate, which corresponds to a level 3–5 on the rating scale
of perceived exertion (RPE). Motomed kinesio therapeutic equipment® (RECK-Technik
GmbH & Co. KG, Medizintechnik, Reckstraße 1–5, D-88422 Betzenweiler, Germany) or a
static bike were used, depending on the participant’s preference.

2.5. Outcome Measures

The primary outcome is the assessment of quality of life after the application of the
two treatments. The secondary outcome is to study the relationship between quality of life
and sociodemographic, clinical and anthropometric variables, as well as to evaluate fatigue
after the application of the two treatments.

Quality of life was assessed before and after each intervention using the Spanish
version of the Multiple Sclerosis International Quality of Life (MusiQoL) questionnaire. It
consists of 31 items describing 9 dimensions: activities of daily living, psychological well-
being, symptomatology, social and family relationships, relationship with the health care
system, intimate/sexual life, coping and rejection. The questionnaire uses a 6-point Likert
scale, and, for each patient, the score of each dimension is obtained by taking the mean
of the scores of the items of each dimension. All dimension scores are linearly translated
to a scale from 0 to 100, and negatively marked scores are inverted so that higher scores
indicate a higher level of quality of life. The global index score is computed as the mean
of the dimension scores. The scale shows good construct validity, internal consistency,
reproducibility and reliability [20,21].

Physical activity was evaluated at baseline using the Spanish version of the Interna-
tional Physical Activity Questionnaire Short Form (IPAQ-SF). The reliability and validity
have been investigated and analyzed in different countries and contexts and with differ-
ent types of populations, including in MS patients. Frequency and duration of vigorous,
moderate and walking physical activity is measured by this questionnaire during a 7-day
period. The respective frequencies and durations were initially multiplied, and the resulting
volumes were later multiplied to obtain the METs, by 8 in the case of vigorous activity, 4 in
the case of moderate activity and 3.3 in the case of walking [22,23].

The Kurtzke Expanded Disability Status Scale (EDSS) was used to assess neurological
involvement and disability. This variable was investigated in the first data collection. It
consists of neurological examination findings and includes 20 grades on a scale from 0
(normal examination) to 10 (death due to MS), with 0.5-point intervals. Patients are assessed
with regard to the neurological examination and clinical history for each functional system,
and, then, taking into account the ability to walk [24,25], an overall score is obtained.

The Spanish version of the Modified Fatigue Impact Scale (MFIS) was used to assess
fatigue before and after each intervention. This questionnaire uses a multidimensional
approach and consists of 21 items distributed in 3 subscales. According to the frequency
with which the symptom has occurred, the patient will respond to each item regarding the
last week. The final scores ranged from 0 to 84, and a score of 38 was established as the
cutoff point to indicate the presence of fatigue [13,26].

2.6. Procedure

First of all, the study information sheet was distributed, answering any queries pre-
sented by the participants. Then, all participants signed the informed consent form.

Afterwards, each participant was given a registration form with basic information to
check compliance with the inclusion and exclusion criteria of the study and, thus, determine
their ability to complete the self-administered questionnaires. This part had an estimated
duration of 15 min.
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Consecutively, tDCS was applied over 10 sessions of 20 min in duration over the
course of 4 weeks. All participants were stimulated from the beginning. Fatigue and
quality of life were measured again with the same questionnaires after the application of
the intervention.

A stabilization period of 5 months was used to avoid affecting results obtained after
the first intervention. In our case, we selected 5 months because the literature determines
that the benefits of the treatment last up to 3 weeks after the application of tDCS, when it is
applied for 5 days. In a study by Ferrucci [27], an intensity of 1.5mA was applied for 15 min
in the primary motor region (M1) for 5 days. Since it has been shown that the effect of
tDCS is cumulative and that this effect is necessary to generate the appropriate adaptations
for the desired objective, a long washout period was chosen to prevent these effects from
interfering with those of the other therapy.

After this period, fatigue and quality of life data were gathered again, and a concurrent
training program was performed for a period of 4 weeks. After this time, fatigue and quality
of life data were gathered for the last time. Compliance with attendance at the interventions
was assessed by means of an attendance control chart.

2.7. Statistical Analysis

For statistical analysis, the Statistical Package for Social Sciences (SPSS 21, SPSS Inc.,
Chicago, IL USA) software package was used. Descriptive statistics were used in the data
analysis to show the data for continuous variables presented as ± standard deviation (SD)
and relative frequency (percentage) for categorical variables. The Shapiro–Wilk test was
used to evaluate the normality, and the result indicated that not all of them met normality,
so non-parametric tests were used for the statistical calculation. In addition, a Wilcoxon
signed-rank test was used to analyze the results in fatigue and quality of life after the
application of exercise and tDCS.

The results for the indicators of fatigue and quality of life were analyzed by Friedman
post hoc Dunn test.

The effect size was calculated to express the magnitude of the differences between the
samples. For this purpose, Hedges’ g (scale: 0–1) was used, which sets the effect size as
small (0.2), medium (0.5) or large (0.8) [28].

The significance level for all tests was set at p < 0.05.

3. Results

The initial characteristics of the participants are shown in Table 1, and the flowchart is
shown in Figure 2.

Table 1. Participant’s baseline demographic and clinical characteristics.

VARIABLES N [MIN–MAX]; MEAN ± (SD) FREQUENCY (%)

Age 12 [35–66]; 48.08 ± 8.55
Years of diagnosis 12 [0.8–28]; 16.65 ± 7.44

Outbreaks per year 11 [0–2]; 0.36 ± 0.67
Walking time (minutes) 9 [0.0–120]; 51.11 ± 41.06
Sitting time (minutes) 9 [0–960]; 466.667 ± 304.13

Type of sclerosis
Relapsing–remitting

Progressive secondary
7 (58.3%)
5 (41.7%)

Outbreak intensity
Mild

Moderate
Intense

No outbreaks

2 (18.2%)
1 (9.1%)
1 (9.1%)

7 (63.6%)
Medical recommendation

Physical activity 6 (11.3%)
Other 1 (8.3%)
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Table 1. Cont.

VARIABLES N [MIN–MAX]; MEAN ± (SD) FREQUENCY (%)

No recommendation 5 (41.7%)
Fatigue medication

Yes
No

5 (41.7%)
7 (58.3%)

Type of medication fatigue

LioresalLioresal + Avonex
Lioresal + Rebif 44
Other medication

No medication

1 (9.1%)
1 (9.1%)
1 (9.1%)

2 (16.7%)
7 (58.3%)

Rehabilitation
Yes 11 (91.7%)
No 1 (8.3%)

Intensity rehabilitation
Occasional 5 (41.7%)

Periodic 7 (58.3%)
Exercise habits

Occasional
Regularly

2 (16.7%)
10 (83.3%)

Education level
Primary education
Secondary studies
Vocational training
University studies

1 (8.3%)
1 (8.3%)
6 (50%)

4 (33.3%)
Employment situation

Homemaker
Part-time employee
Full-time employee

Retired
Permanently disabled

1 (8.3%)
1 (8.3%)
5 (41.7%)
3 (25%)

2 (16.7%)

Our study shows that, after the implementation of both therapies, there is a significant
improvement in the fatigue and quality of life scales. This suggests that tDCS and exercise
may be effective in improving quality of life and fatigue in this sample (Table 2).

Table 2. Pre–post tDCS and exercise through Wilcoxon test: quality of life and fatigue.

Pre tDCS
Median [Range]

Post tDCS
Median [Range]

p Size Effect
Hedges’ g

Pre-Exercise
Median [Range]

Post-Exercise
Median [Range]

p Size Effect
Hedges’ g

MQOL 68.04 [25.28] 75.19 [32.23] 0.015 * 0.646 70.07 [28.99] 74.94 [27.2] 0.003 ** 0.56
MQOLADL 58.9 [6.25] 64.80 [6.55] 0.037 * 0.465 57.73 [1.5] 68.09 [6.95] 0.003 ** 0.570
MQOLPWB 66.24 [3] 80.42 [6.82] 0.004 ** 0.727 65 [2] 72.5 [4.33] 0.41 * 0.417
MQOLSYM 72.5 [4] 77.5 [5.8] 0.438 0.258 72.5 [6.17] 74.58 [4.42] 0.625 0.122

MQOLSOREL 76.93 [4.88] 78.31 [5.92] 0.413 0.055 84.98 [2] 87.2 [3.67] 0.336 0.120
MQOLRFAREL 81.65 [6.25] 83.32 [3.92] 0.44 0.066 88.88 [2.3] 90.53 [3.4] 0.102 0.104
MQOLSEXLIFE 73.75 [5] 75 [3.25] 0.865 0.045 73.33 [2] 77.5 [2.67] 0.257 0.129

MQOLCOP 50.83 [3] 61.67 [5.25] 0.018 * 0.376 51.67 [5.75] 56.66 [4.79] 0.177 0.266
MQOLREJEC 68.33 [3] 79.17 [6] 0.103 0.475 75 [3.5] 80 [4.08] 0.058 0.221

MQOLREHEALTH 79.41 [3.38] 78.88 [4.83] 0.933 0.036 78.87 [2.3] 82.07 [2.67] 0.269 0.152
MFIS 39.5 [31] 38.5 [45] 0.028 * 0.525 43 [33] 36 [52] 0.003 ** 0.742

Non-parameter statistics. Wilcoxon signed-rank test. MQOL: Multiple Sclerosis International Quality of Life.
MQoLADL: MusiQoL subscale activities of daily life. MQoLPWB: MusiQoL subscale psychological well-being.
MQoLSYM: MusiQoL subscale symptomatology. MQoLSOREL: MusiQoL subscale social relationship. MQoL-
FAREL: MusiQoL subscale family relationship. MQoLSEXLIFE: MusiQoL subscale sexual life. MQoLCOP:
MusiQoL subscale coping. MQoLREJEC: MusiQoL subscale rejection. MQoLREHEALTH: MusiQoL subscale rela-
tionship with the health care. MFIS: Modified Fatigue Impact Scale. tDCS: current direct transcranial stimulation.
Pre tDCS: treatment before transcranial direct current stimulation (tDCS). Post tDCS: treatment after transcranial
direct current stimulation (tDCS). * p < 0.05 and ** p < 0.001.
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Figure 2. CONSORT flowchart diagram.

Furthermore, the effect size for these outcomes is moderate, which indicates the clinical
relevance of the interventions.

Likewise, for the quality-of-life scale, we found significant improvements and clinical
changes after the application of tDCS (p = 0.015) (g = 0.646) and after exercise (p = 0.003)
(g = 0.56). Moreover, statistical analysis shows that there have been significant changes
after the application of the tDCS in the subscales of activities ADL (p = 0.037) (g = 0.465),
PWB (p = 0.004) (g = 0.727) and COP (p = 0.18) (g = 0.376). After the exercise program,
significant changes were found in the subscales of ADL (p = 0.003) (g = 0.570) and PWB
(p = 0.041) (g = 0.417).

Furthermore, the Friedman results showed that all variables improved in the tDCS
group (Friedman´s test X2= 8.33, p= 0.002, N = 12), with a significant difference between
after tDCS treatment and before treatment tDCS (p= 0.009). They also improved in the
exercise group (Friedman´s test X2= 13.44, p= 0.004, N = 12) with a significant difference
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between after exercise treatment and before treatment exercise (p= 0.021), as shown in
Figure 3.

 
(a) (b) 

Figure 3. Pairwise comparisons Friedman’s test. (a) Multiple Sclerosis International Quality of Life
(MusiQoL). (b) Modified Fatigue Impact Scale (MFIS).

Finally, we observed that there were significant changes in fatigue when applying the
tDCS (p = 0.028) (g = 0.525) and when applying the exercise program (p = 0.003) (g = 0.742).
Moreover, more than 50% of the subjects did not have a positive fatigue score on the MFIS
scale after the application of the therapies.

4. Discussion

The results of this study suggest that tDCS and an exercise program may be effective
in improving quality of life and fatigue in subjects with MS. Moreover, both variables
improved in the groups, with significant differences over time. However, it is important to
note that given the sample size and the type of design, our results have to be interpreted
with caution.

Quality of life is a multidimensional construct and has special importance in the
assessment of MS because it is considered more impaired than in other chronic diseases [29].
In addition, because of the impact of fatigue on quality of life, the studies that focus their
therapy on improving quality of life orient the therapies toward the treatment of fatigue
symptomatology. For this reason, we thought it was important to analyze the improvement
in fatigue after the application of the treatments, so that our results indicate that both the
application of the exercise and the tDCS produce beneficial effects.

The current pharmacological treatments are unsatisfactory in many patients because
they have modest benefits and numerous side effects. This is perhaps why the combination
of pharmacological and other types of therapies may provide the optimal management of
the disease and the symptomatology of fatigue [30–34]. Accordingly, the use of physical
exercise has the capacity to reverse the consequences of inactivity in these patients and can
also modify the anti-inflammatory effect of the disease. This demystifies the belief that
the practice of physical activity and the corresponding rise in body temperature could be
detrimental for this disease, resulting in a relapse in symptoms [18,35,36].
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Despite the benefits of exercise, there is sedentary behavior present in our sample
because the mean sitting time spent by the subjects analyzed is 7.77 h, while the mean
walking time on a normal day is reduced to 51 min; according to the IPAQ questionnaire,
only four of the participants maintain high levels of activity. Therefore, it is important to
take into account that sedentary behavior is associated with high levels of mortality and
morbidity in the general population and with disability and fatigue in MS [37–39].

In our study, the practice of concurrent training shows significant improvements in
fatigue and a higher score on the quality of life scale and its various subscales. In particular,
in the subscales of activities of daily living and psychological well-being, significant changes
were noted. Along the same lines, we found improvements in the same subscales of the
MusiQoL questionnaire as in Tarkci’s study [40], comparing a 12-week training program
including stretching, balance, core exercises and functional activities with a control group.
Performing calisthenics also reportedly brings a significant improvement on the MusiQoL
questionnaire [41]. Both studies performed a 12-week exercise program, although we
obtained similar results with a 4-week program. It has been shown that practicing a
concurrent training program is more effective than strength training and task-oriented
training. If we focus on resistance training, several authors support that it is not a consistent
measure of fatigue reduction on its own, and, therefore, it is not a consistent measure
of quality of life improvement. In addition, one of the reasons why our 4-week exercise
program has shown similar results may be due to a better type of training being chosen.
Moreover, the intensity of our program is better delimited, since it has been shown that
a moderate intensity is ideal in this population. To delimit the intensity of the exercise
program, we have different options: the application of 50–70% of the maximum volume
of oxygen (VO2 max), 80–60% of the maximum cardiac capacity or a submaximal effort
that would correspond to a score of 11–14 of the Borg scale [15,16,19]. However, we must
bear in mind that these studies, like ours, include subjects with different types of MS and
of different ages. Even so, the beneficial effect of physical exercise on this population has
been demonstrated, although in the future it could be interesting to study whether there is
a specific type of training that benefits each type of MS.

According to our data, a significant improvement in quality of life and a clinically
relevant improvement in the fatigue variable are observed after the application of tDCS.
There are several areas of application of this therapy that have been shown to be effective for
improvement in fatigue in MS. For example, Cancelli’s group [42] applied the stimulation
on the primary somatosensory area, reducing fatigue by 42% after stimulation. Meanwhile,
Chalah’s group [43] applied the stimulation on the right posterior parietal lobe, with
beneficial effects on fatigue, anxiety and depression. It is true that the area of preference
for stimulation is the left DLPFC area, which is the one chosen in this study. One of the
reasons for this is that it has been shown to be dose-dependent, which is why we have
applied a total of 10 sessions. On the other hand, this stimulation area has been shown to
have significant effects both in the decrease in fatigue and in the increase in the quality of
life, maintained even 4 weeks after the intervention [11,44,45].

Few articles assessed the quality-of-life scale after the application of tDCS, and none
of them used the MusiQoL questionnaire. Only Marzieh’s [11] study evaluated it after
application in the left DLPFC area; the other authors used stimulation in the primary motor
area, as their objectives were focused on pain. Marzieh’s group used the Multiple Sclerosis
Specific Quality of Life Questionnaire (MSQOL-54), obtaining significant improvements
that are maintained after stimulation.

Currently, there is no research where tDCS is applied over the left DLPFC area, com-
pared or combined with an exercise program to assess quality of life in MS or other
neurological pathologies. Our results indicate that both therapies are effective in improving
quality of life, so the application of tDCS in the DLPFC area may have interesting results
in MS, without forgetting the cumulative effect of tDCS in order to induce reliable and
persistent changes. However, we cannot suggest that one therapy is superior to another.
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4.1. Practical Application

Quality of life is a complex assessment due to its multifactorial nature, where clinical,
psychological and social data converge and where the patient’s perception takes on special
relevance. It is, therefore, of particular importance to assess whether the treatments applied in
this population benefit this aspect. In this case, both the application of the exercise program
and the application of tDCS have shown beneficial effects in quality of life and in several of
its subscales. Therefore, we could suggest that the application of concurrent training, which
not only focuses its work on the knee musculature but also on the secondary and stabilizing
muscles of the trunk, hip and upper limb, could be beneficial in these subjects, regardless
of their age and type of sclerosis, as all of them significantly increased their score on the
quality of life scale. On the other hand, the benefits suggested by the application of tDCS
on the left DLPFC area on quality of life may be interesting to study in the future, along
with its effectiveness and potential in larger samples, and to check, if appropriate, if the
application on this area shows better results than in other areas, such as the primary motor
cortex. Nevertheless, in line with the suggestions of other studies, such as the review by
Giuseppina et al. [46], the combination of tDCS and exercise with prolonged treatment with
multiple sessions would be optimal to generate measurable benefits.

4.2. Limitations

One of the limitations of our study is the small sample size; for this reason, the findings
from the patients we present must be considered as preliminary results, and the study
should be considered as a pilot study. In addition, our data should be treated with caution
as the sample is limited, and we did not have a long follow-up period. Future research with
larger samples is necessary; similarly, randomized clinical trials are needed to accurately
determine the efficacy and effectiveness of the treatment.

5. Conclusions

Major findings suggest that both the implementation of an exercise program and the
application of tDCS produce a beneficial effect with significant improvements in quality of
life in this sample. In the same way, it could be suggested that adding tDCS could provide
further improvements to physical therapy, but further research with a larger sample and
sham stimulation as a control is needed.
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Appendix A

Table A1. Exercise program schedule.

Week 1 Week 2 Week 3 Week 4

Endurance

1 Session 2 Sessions 2 Sessions 2-3 Sessions
10 min 15 min 10 min + 10 min (5 min of rest) 15 min + 15 min (5 min of rest)

3–5 RPE 3–5 RPE 3–5 RPE 3–5 RPE
MOTOmed/static bike MOTOmed/static bike MOTOmed/static bike MOTOmed/static bike

Strength

2 Sessions (A, B) 2 Sessions (A, B) 3 Sessions (circuit to choose) 3 Sessions (circuit to choose)
6 Exercise in each circuit 6 Exercise in each circuit 6 Exercise in each circuit 6 Exercise in each circuit

15 Rep
(rest: 2 min)

15 Rep
(rest: 2 min)

10 Rep
(rest: 3 min)

10 Rep
(rest: 3 min)

2Circuits
(rest: 3 min)

2 Circuits
(rest: 3 min)

3 Circuits
(rest: 5 min)

3 Circuits
(rest: 5 min)

Exercise program. A, B refers to exercises specified in the table. RPE = rate of perceived exertion. Min = minutes.
MOTOmed = aerobic kinesiotherapy equipment. Rep = repetitions.

Table A2. Exercises are used in circuits A and B of the exercise program.

Exercise Circuit A Circuit B

MMSS PULL

 
 

MMSS PUSH
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Table A2. Cont.

Exercise Circuit A Circuit B

KNEE
EXTENSION

  

KNEE
FLEXION

 
 

HIP
EXTENSION
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Table A2. Cont.

Exercise Circuit A Circuit B

HIP FLEXION

  

CORE

  

Images of the exercises developed according to the objectives to be achieved. Two different exercises are shown
for each objective.
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Abstract: Diabetes is a global public health challenge, exerting a large socioeconomic burden on
healthcare systems. This study aimed to explore Diabetes prevalence and Diabetes medication use
in diabetics regarding sex, age group, Physical Activity Level (PAL) and Body Mass Index (BMI) by
studying possible differences and calculating the risks of developing Diabetes and Diabetes medica-
tion use in the population according to their PAL. A cross-sectional study was conducted using data
extracted from the Spanish National Health Survey (ENSE2017). The sample was finally composed
of 17,710 participants. A descriptive analysis was performed to characterise Diabetes prevalence
and Diabetes medication use (Chi-square test and a z-test for independent proportions). Odds
Ratios (OR) and 95% Confidence Intervals (CI) were calculated for Diabetes prevalence and Diabetes
medication use according to the participants’ PAL. Both the Diabetes and Diabetes medication use
was higher in men than in women, increasing with age and BMI, and decreasing with increasing PAL
(p < 0.001). Higher prevalence levels were observed in the inactive group versus very active or active
people (p < 0.001). Inactive people had a higher risk of Diabetes and use of Diabetes medication risk
compared to the very active and active groups. Prevalence decreased the higher the PAL both in men
and women.

Keywords: Diabetes; medication; physical activity; physical heath

1. Introduction

Diabetes mellitus is a chronic disease which has emerged as a significant public health
challenge worldwide, both in developed and emerging countries [1]. In 2015, 415 million
people were estimated to be living with Diabetes (8.8% worldwide). The has data doubled
in the instance of those with Diabetes since 2000 (4.6%, 151 million people), which is an
estimated increase to 10.4% (642 million) by 2040 [2]. Furthermore, in 2019, this disease was
the ninth leading cause of death, responsible for 1.5 million deaths, 48% in people under
70. Between 2000 and 2016, premature mortality due to Diabetes increased by 5% [3]. As a
result, Diabetes was considered a major socio-economic burden for many countries [4]. In
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Spain, the total annual direct cost of Diabetes amounts to EUR 5809 million, 8.2% of the
total healthcare expenditure; pharmacological costs exerted the greatest influence on the
total direct cost (38%) with EUR 2232 million per year [5]. Moreover, Diabetes has become
a major cause of cardiovascular disease, non-traumatic lower limb amputations, blindness,
kidney failure and death worldwide [6]. Furthermore, an association between Diabetes
and cancer has been demonstrated, with Diabetes considered a risk factor for cancer in all
locations, with a stronger impact on men than women [7].

There is a significant number of people with Diabetes undiagnosed. In Europe, 37.9%
of individuals belong to this group, which could mean that around 22 million individuals
with an increased risk of developing cardiovascular disease are unaware of their condi-
tion [8]. In Spain, it was found that almost half of the cases detected were undiagnosed [9].
Although there are several types of Diabetes, Diabetes mellitus types 1 (DM1) and 2 (DM2)
are the most common [10]. DM1 is associated with deficits in insulin production and
requires daily administration of insulin [11], while DM2 results from a decrease in insulin
production due to insulin resistance. Symptoms are similar in both types of Diabetes
(thirst, excessive excretion of urine, constant hunger, visual disturbances, etc.), but are less
intense in DM2 [12]. Between 5–10% of cases have DM1, while the remaining 90–95% have
DM2 which can be controllable and/or improved by physical activity and healthy lifestyle
promotion [13].

Non-pharmacological interventions such as physical activity (PA) performance and a
healthy diet are considered promising methods in the prevention and control of this disease,
reducing the socio-economic cost associated with its treatment [10]. Exercise improves
blood glucose control in DM2, influences weight loss, reduces cardiovascular risk factors
and improves well-being [14,15]. Performing regular exercise can prevent or delay the
development of the disease [16] and, in the case of DM1, lead to improvements in insulin
sensitivity, muscle strength and cardiovascular fitness [17]. In terms of types of exercise
training, moderate/high-volume aerobic is associated with lower cardiovascular and
mortality risks in both types of Diabetes [18]. Thus, regular PA increases cardiorespiratory
fitness, reduces insulin resistance, and improves lipid levels, and endothelial function [19],
while DM2 decreases A1C, blood pressure, insulin resistance and serum triglycerides [20].
Resistance exercise reports positive effects in reducing the exercise-induced hypoglycemia
risk in DM1 [21], producing improvements in glycemic control, insulin resistance, strength,
and BMI, and reducing blood pressure [22]. Nevertheless, current evidence shows that PA
and diet adherence in diabetic patients is still lower than adherence to medication [16].

Therefore, this research aims (1) to explore Diabetes prevalence and Diabetes medi-
cation use related to sex, age group, Physical Activity Level (PAL) and Body Mass Index
(BMI); (2) to study potential differences in the proportions of Diabetes prevalence and
Diabetes medication use by the Physical Activity Level (PAL) according to sex, age and
Body Mass Index (BMI); and (3) to estimate the Diabetes and Diabetes medication use risk
probability risks in the population according to their Physical Activity Level (PAL).

2. Materials and Methods

2.1. Recruitment and Data Source

A cross-sectional study was conducted using data from the Spanish National Health
Survey (ENSE2017), based on Diabetes prevalence and Diabetes medication use according
to the PAL and by socio-demographic characteristics such as sex, age and BMI. The ENSE is
a survey conducted every five years by the Ministry of Health, Consumer Affairs and Social
Welfare (MSCBS) and the Spanish National Statistics Institute (INE), which aims to identify
health status, indicators and socioeconomic factors of the population residing in Spain [23].
Trained and accredited interviewers conducted the surveys between October 2016 and
October 2017 and published the data in June 2018. The ENSE2017 was the last one con-
ducted before the COVID-19 pandemic. Moreover, the ENSE2017 follows a three-stage
random sampling system by strata among individuals aged 15 years and older residents
in Spain. Before the first stage, Spanish municipalities were grouped by strata, based on
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population size. In this first stage, municipalities were randomly selected from the strata.
In the second stage, a random selection of dwellings was made and, in the third stage, a
random selection of one of the residents of the dwelling, among those aged 15 and over,
was performed. Subsequently, the selected sample was informed and asked for volunteers,
keeping confidentiality and anonymous treatment of data. Finally, 23,089 participants
responded to the ENSE2017 adult questionnaire [24]. These data were previously sub-
mitted and published as public and non-confidential files on the website of the MSCBS:
https://www.sanidad.gob.es/estadisticas/microdatos.do (accessed on 10 May 2022).

2.2. Participants

The ENSE2017 complied with 23,089 participants’ data aged 15 years and older. Inclu-
sion criteria were being younger than 70 years (as they were not questioned about their
PA), providing all data on PA items (Q.113–Q.117) and Diabetes status (Q.25a.12). Thus,
5,312 participants were excluded for being older than 70 years, 60 for not having fulfilled
items on PA and 7 for not completing Diabetes status data. Then, 17,710 participants’
responses were analysed, 8,486 men and 9,224 women. Figure 1 shows the flow chart with
this process. For analyses that included Diabetes medication use, one participant who did
not submit data was excluded (Q.87a.19). A total of 497 participants did not present data
on the BMI Group variable; therefore, they were excluded in the analyses that included
this variable.

Figure 1. Chart outlining the study sample’s eligibility criteria.

2.3. Variables

Sex: male or female.
Age: from which the variable “Age groups” was created with the following groups:

15–39, 35–49, 50–64 and 65–69 years.
BMI Groups: The ENSE2017 grouped participants according to their BMI into under-

weight (<18.5 kg/m2), normal weight (18.5 to 24.9 kg/m2), overweight (25 to 29.9 kg/m2),
and obese (≥30 kg/m2).

Diabetes Status: extracted from the answers provided to item Q.25a.12 (“do you suffer,
or have you ever suffered from Diabetes?”. Possible answers were “yes”, “no”, “I don’t
know” or “no answer”.

Diabetes Medication Use: extracted from the answers to item Q.85 (“during the past
two weeks, have you taken any medicines prescribed by a doctor?”. Possible answers
were “yes” or “no”; and Q.87a.19 (“I will read a list of drugs, please tell me which one(s)
you have taken in the last two weeks, and which ones have been prescribed by the doctor:
Diabetes medicines?” Answers: “yes”, “no”, “I don’t know” or “not answer”. Participants
were labelled as YES if they answered “yes” to items Q.85 and Q.85a.19, and NO if they
answered “no” to item Q.85, “yes” to item Q.85 and “no” to item Q.87a.19.
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Physical Activity Level (PAL): this variable grouped participants according to their
PA level. For this purpose, the answers to items Q.113–Q.117 correspond to the Inter-
national Physical Activity Questionnaire (IPAQ short form) in its Spanish version into
a Physical Activity Index (PAI) [25]. The PAI could take values between 0 and 67.5, and
this formula was described by Denche et al. [26] adapting the Nes et al. PAI, applying
factors to the intensity (vigorous: 10; moderate: 5; light: 0), frequency (0 days/week: 0;
One day/week: 1; Two or three days/week: 2; More than 3 days/week: 3) and duration
(Less than 30 min: 1; 30 or more minutes: 1.5) that participants performed physical activity
and calculating the sum [27]. Participants were grouped into four levels: Inactive (PAI = 0
and Q.117 = 0); Walkers (PAI = 0 and Q.117 > 0); Active (PAI between 1 and 30) and Very
Active (PAI > 30); these groupings followed the indications of previous research [28].

2.4. Statistical analysis

The variables distribution was tested with the Kolmogorov–Smirnov test. The sample
was characterised according to their Diabetes status and Diabetes medication use according
to the general population, by sex, BMI, age and PAL group, reporting data in absolute
and relative frequencies. Possible dependency relationships between Diabetes and med-
ication use and socio-demographic variables were analysed with a Chi-square test. The
relationship intensity was assessed using the contingency coefficient, interpreted according
to Schubert [29]. Differences between Diabetes and prevalence of Diabetes medication
use by the PAL were analysed with a pairwise z-test for independent proportions. Odds
Ratios (OR) and their 95% confidence intervals (CI) for the Diabetes status and Diabetes
medication use according to the PAL were calculated, taking the inactive group as a ref-
erence. Two multiple binary logistic regressions were performed taking as dependent
variables the Diabetes status and the Diabetes medication use and sex, age, BMI and PAL
as independent variables, analysing the predictor effects of these variables. The statistical
software IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY, USA)
was used, considering two-sided p-values ≤ 0.05 as statistically significant.

3. Results

Table 1 shows the associations between Diabetes prevalence and sex, age group, PAL,
and BMI (p < 0.001). There were more diabetic men than women (6.8% vs. 4.7%, p < 0.05).
The Diabetes prevalence increased with age, being 0.6% in those under 34, and 18.3% in the
65–69 age group, with differences between all group proportions (p < 0.05). According to
the PAL, the highest prevalence was found in the inactive and walker groups (8.0% and
7.4%) with no significant differences between them, decreasing to 2.2% in the very active
group, p < 0.05. Diabetes was found in 0.5% of underweight people compared to 6.6% in
overweight and 13.6% with obesity, with differences in the proportions in these groups
(p < 0.05) and between them (p < 0.05).

Same dependency relationships were found between Diabetes medication use and sex,
age, PAL and BMI (p < 0.001). Again, men showed higher Diabetes medication use than
women (6.2% vs. 3.9%, p < 0.05). The under-35-year-olds had the lowest prevalence among
the age groups (0.4%), with the 65–69-year-old group having the highest (16.3%), p < 0.05.
Similarly, the inactive and very active groups had the highest and lowest prevalence
according to PAL (7.2% vs. 1.7%, p < 0.05), while people with obesity (12.3%) had the
highest among the BMI groups (Table 2).

Figure 2 shows Diabetes and the prevalence of Diabetes medication use according to
the PAL in the general population, being, in both cases, higher in the inactive group, with
trends to lower prevalence as the population presents higher PAL.

Table 3 displays the Diabetes prevalence related to PAL in men and women from
50–64 years normal and overweight (p < 0.001). In all cases, the highest prevalence was
found in the Inactive group. A decreasing trend in the Diabetes prevalence could be
discerned as higher PAL was in sex, age, and BMI groups, but with no significant differences
between the PALs. In men, the highest prevalence were found in inactive and walker (9.6%)
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groups with no differences between them. In contrast, the active (4.3%) and very active
(2.3%) groups showed differences in proportions regarding the previous groups and with
each other, p < 0.05. In females, the inactive and walker groups (6.6% and 5.8%) also had
the highest Diabetes prevalence, with no significant differences between them, while there
were significant differences between the active and very actives (2.6% and 2.2%), p < 0.05.

Table 1. Population Characteristics by their Diabetes Prevalence in the ENSE2017.

Characteristic
Overall Diabetes No Diabetes

X2 df p CC
n n % n %

Overall 17,710 1016 (5.7) 16,694 (94.3) n.a n.a. n.a n.a

Sex

Men 8486 578 a (6.8) 7908 a (93.2)
34.8 1 <0.001 0.044Women 9224 438 b (4.7) 8786 b (95.3)

Age (years)

15–34 3872 25 a (0.6) 3847 a (99.4)

950.6 3 <0.001 0.226
35–49 6176 137 b (2.2) 6039 b (97.8)
50–64 5953 541 c (9.1) 5412 c (90.9)
65–69 1709 313 d (18.3) 1396 d (81.7)

PAL Group

Inactive 2531 203 a (8.0) 2328 a (92.0)

160.3 3 <0.001 0.095
Walkers 8063 593 a (7.4) 7470 a (92.6)
Actives 4888 171 b (3.5) 4717 b (96.5)

Very actives 2228 49 c (2.2) 2179 c (97.8)

BMI (kg/m2)
n = 17,213 n = 998 n = 16,225

n n % n %

<18.5 415 2a (0.5) 413 (99.5)

501.9 3 <0.001 0.168
[18.5–25) 7765 193a (2.5) 7572 a (97.5)
[25–30) 6192 408b (6.6) 5784 b (93.4)
>=30 2841 385c (13.6) 2456 c (86.4)

Data presented in absolute and relative values; n: Participants; %: Percentage; PAL: Physical Activity Level; BMI:
Body Mass Index; X2: Pearson’s Chi-square; df: degrees of freedom; p: p-value; CC: Contingency Coefficient;
abcd: Different letters indicate significant differences between people with Diabetes proportions according to Sex,
Age, BMI and Physical Activity Level groups; with p < 0.05 from pairwise z-test for independent proportions;
n.a. not applicable.

Table 2. Population Characteristics by Diabetes Medication Use in ENSE2017.

Characteristic
Overall Medication No Medication X2 df p CC

n n % n %

Overall 17709 886 (5.0) 16823 (95.0) n.a n.a. n.a n.a

Sex

Men 8485 524 a (6.2) 7961 (93.8)
47.1 1 <0.001 0.052Women 9224 362 b (3.9) 8862 (96.1)

Age (years)

15–34 3872 17 a (0.4) 3855 (99.6)

879.5 3 <0.001 0.218
35–49 6176 110 b (1.8) 6066 (98.2)
50–64 5952 481 c (8.1) 5741 (91.9)
65–69 1709 278 d (16.3) 1431 (83.7)
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Table 2. Cont.

Characteristic
Overall Medication No Medication X2 df p CC

n n % n %

PAL Group

Inactive 2531 181 a (7.2) 2350 (92.8)

146.9 3 <0.001 0.091
Walkers 8062 516 a (6.4) 7546 (93.6)
Actives 4888 152 b (3.1) 4736 (96.9)

Very actives 2228 37 c (1.7) 2191 (98.3)

BMI (kg/m2)
n = 17,212 n = 860 n = 16,352

n n % n %

<18.5 415 2 a (0.5) 413 (99.5)

493.2 3 <0.001 0.167
[18.5–25) 7765 153 a (2.0) 7612 (98.0)
[25–30) 6192 356 b (5.7) 5836 (94.3)
>=30 2840 349 c (12.3) 2491 (87.7)

Data presented in absolute and relative values; n: Participants; %: Percentage; PAL: Physical Activity Level; BMI:
Body Mass Index; X2: Pearson’s Chi-square; df: degrees of freedom; p: p-value; CC: Contingency Coefficient;
abcd: Different letters indicate significant differences between People with Diabetes proportions according to Sex,
Age, BMI and Physical Activity Level groups; with p < 0.05 from pairwise z-test for independent proportions;
n.a. not applicable.

Figure 2. Diabetes and Diabetes Medication use Prevalence According to the Physical Activity Level
(PAL) in the ENSE2017.

Figure 3 shows the Diabetes prevalence in males and females according to the PAL.
Table 4 shows the associations between PAL and Diabetes prevalence by sex, age, and

BMI groups. Significant dependence relationships were found between these variables in
men, women, adults between 35–49, and in normal and overweight, p < 0.001. Prevalence
were higher the lower the PAL, although no differences were found between the groups.
Significant differences were found in women between the inactive/walker groups (5.5% and
4.8%, respectively) and the active/very active groups (2.1% and 1.4%) prevalence, p < 0.05.
The same significant differences were found in men between the inactive/walker (9.0%
and 8.6%), the active (4.1%) and the very active (1.8%) groups (p < 0.05), with significant
differences also found between the latter two groups.

Figure 4 shows the Diabetes medication use prevalence according to the Physical
Activity Level (PAL) in men and women.

Table 5 shows the Diabetes risk according to the PAL based on the inactive group.
Significantly reduced risks were found in the active and very active groups compared to
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the inactive group in the general population, in both sexes, in the 35–49 and 50–64 years
groups, and most BMI groups.

Table 3. Diabetes prevalence through the Physical Activity Level (PAL) according to Sex, Age, and
Body Mass Index (BMI).

Physical Activity Level

Variables Inactive Walkers Active Very Active

Sex n % n % n % n % X2 df p CC

Male 113 a 9.6 324 a 9.6 107 b 4.3 34 c 2.3 125.0 3 <0.001 0.120
Female 90 a 6.6 269 a 5.8 64 b 2.6 15 b 2.2 58.1 3 <0.001 0.079

Age (years)

15–34 6 a 1.3 9 a 0.6 6 a 0.5 4 a 0.5 3.6 3 0.310 0.030
35–49 26 ab 2.8 73 b 2.8 29 a 1.6 9 a 1.1 14.5 3 0.002 0.048
50–64 115 a 13.1 318 a 10.2 84 b 5.8 24 b 4.7 52.5 3 <0.001 0.093
65–69 56 a 22.6 193 a 19.5 52 b 13.3 12 ab 15.0 11.0 3 0.012 0.080

BMI (kg/m2)

<18.5 0 a 0.0 2 a 0.3 0 a 0.0 0 a 0.0 2.3 3 0.506 0.075
[18.5–25) 35 a 3.9 107 a 3.4 40 b 1.6 11 b 0.9 37.6 3 <0.001 0.069
[25–30) 67 a 7.9 242 a 8.3 74 b 4.4 25 b 3.3 42.0 3 <0.001 0.082
>=30 91 a 15.2 224 a 14.8 57 ab 10.7 13 b 6.5 15.7 3 0.001 0.074

n: participants; %: percentage; X2: Pearson’s Chi-square; df: degrees of freedom; p: p-value; CC: Contingency
Coefficient; abc: different letters indicate significant differences between the Diabetes proportions according to
their Physical Activity Level (PAL), p < 0.05 from pairwise z-test for independent proportions.

Figure 3. Diabetes Prevalence by Sex according to their Physical Activity Level (PAL).

Table 4. Diabetes Medication Use prevalence by the Physical Activity Level (PAL) and Sex, Age and
Body Mass Index (BMI).

Physical Activity Level

Variables Inactive Walkers Active Very Active

Sex n % n % n % n % X2 df p CC

Male 106 a 9.0 292a 8.6 100 b 4.1 26 c 1.8 119.3 3 <0.001 0.118
Female 75 a 5.5 224a 4.8 52 b 2.1 11 b 1.4 51.5 3 <0.001 0.075

Age (years)

15–34 4 a 0.8 5a 0.4 5 a 0.4 3 a 0.4 2.1 3 0.553 0.023
35–49 23 ab 2.5 60b 2.3 22 ac 1.2 5 c 0.6 17.3 3 0.001 0.053
50–64 102 a 11.6 283a 9.1 78 b 5.4 18 b 3.5 47.4 3 <0.001 0.089
65–69 52 a 21.0 168ab 17.0 47 b 12.1 11 ab 13.8 9.8 3 0.020 0.076
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Table 4. Cont.

Physical Activity Level

Variables Inactive Walkers Active Very Active

BMI (kg/m2)

<18.5 0 a 0.0 2a 1.0 0 a 0.0 0 a 0.0 2.3 3 0.506 0.075
[18.5–25) 30 a 3.3 82a 2.6 34 b 1.4 7 b 0.6 31.4 3 <0.001 0.063
[25–30) 57 a 6.7 216a 7.4 66 b 3.9 17 b 2.3 43.2 3 <0.001 0.084
>=30 84 a 14.1 201a 13.3 52 ab 9.8 12 b 6.0 13.7 3 0.003 0.069

n: participants; %: percentage; X2: Pearson’s Chi-square; df: degrees of freedom; p: p-value; CC: Contingency
Coefficient; abc: different letters indicate significant differences between the Diabetes proportions according to
their Physical Activity Level (PAL), p < 0.05 from pairwise z-test for independent proportions.

Figure 4. Diabetes Medication Use prevalence according to their Physical Activity Level by sex.

Table 5. Diabetes Risk According to the Physical Activity Level.

Physical Activity Level

Inactive Walkers Active Very Active

Variables OR CI95% OR CI95% OR CI95%

Overall Ref. 0.91 0.77 1.07 0.42 0.34 0.51 0.26 0.19 0.35

Sex

Male Ref. 0.99 0.70 1.24 0.42 0.32 0.56 0.22 0.15 0.33
Female Ref. 0.86 0.67 1.10 0.38 0.28 0.53 0.28 0.16 0.49

Age Group

Young Ref. 0.51 0.18 1.43 0.39 0.12 1.21 0.39 0.11 1.38
Young adults Ref. 1.02 0.65 1.61 0.56 0.33 0.95 0.39 0.18 0.83
Older adults Ref. 0.75 0.00 0.94 0.41 0.31 0.55 0.32 0.21 0.51

Older Ref. 0.83 0.59 1.16 0.53 0.35 0.80 0.61 0.31 1.20

BMI

<18.5 Ref. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
[18.5–25) Ref. 0.87 0.59 1.28 0.40 0.26 0.64 0.23 0.12 0.46
[25–30) Ref. 1.06 0.80 1.40 0.54 0.38 0.76 0.40 0.25 0.64
>=30 Ref. 0.97 0.74 1.26 0.67 0.47 0.95 0.38 0.21 0.70

Ref: reference; OR: Odds Ratio, >1 higher risk of reporting Diabetes; CI95%: 95% OR Confidence Interval;
n.a. not applicable.

The Diabetes medication use risk was similarly reduced in the active and very active
groups compared to the inactive ones (Table 6).

According to the binary multiple regression analysis on the Diabetes status and
Diabetes medication use, older, male, inactive and obese people showed increased Diabetes
and Diabetes medication use risks. These models explained 20.5% and 21.4% of the variance
(Nagelkerke R2) in the Diabetes status and Diabetes medication use, respectively (Table 7).
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Table 6. Diabetes Medication Use Risk according to the Physical Activity Level.

Physical Activity Levels

Inactive Walkers Active Very Active

Variables OR CI95% OR CI95% OR CI95%

Overall Ref. 0.89 0.74 1.06 0.42 0.33 0.52 0.22 0.15 0.31
Sex

Male Ref. 0.95 0.75 1.20 0.43 0.32 0.57 0.18 0.12 0.28
Female Ref. 0.86 0.66 1.13 0.37 0.26 0.54 0.25 0.13 0.47

Age Group

Young Ref. 0.42 0.11 1.59 0.49 0.13 1.82 0.44 0.10 1.96
Young adults Ref. 0.95 0.58 1.55 0.48 0.26 0.86 0.24 0.09 0.64
Older adults Ref. 0.76 0.60 0.96 0.43 0.32 0.59 0.27 0.16 0.46

Older Ref. 0.77 0.54 1.09 0.52 0.34 0.80 0.60 0.30 1.22

BMI

<18.5 Ref. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
[18.5–25) Ref. 0.77 0.51 1.18 0.40 0.25 0.66 0.17 0.07 0.39
[25–30) Ref. 1.11 0.82 1.50 0.57 0.40 0.82 0.32 0.19 0.56
>=30 Ref. 0.94 0.71 1.23 0.66 0.46 0.96 0.39 0.21 0.73

Ref: reference; OR: Odds Ratio, >1 higher risk of reporting Diabetes; CI95%: 95% OR Confidence Interval;
n.a. not applicable.

Table 7. Logistic Binary Regression Model for Diabetes and Diabetes Medication Use Risk Factor.

Diabetes

B SE Wald df Sig Exp(B)
95% CI for EXP(B)

Lower Upper
Sex

(Women) −0.358 0.071 25.764 1 0.000 0.699 0.609 0.803

Age 0.085 0.004 537.721 1 0.000 1.089 1.081 1.097
Inactive 42.017 3 0.000
Walker −0.167 0.092 3.317 1 0.069 0.846 0.706 1.013
Active −0.587 0.114 26.535 1 0.000 0.556 0.445 0.695

Very active −0.773 0.169 20.802 1 0.000 0.462 0.331 0.644
Underweight 187.363 3 0.000

Normal 1.247 0.717 3.020 1 0.082 3.479 0.853 14.192
Overweight 1.782 0.716 6.192 1 0.013 5.939 1.460 24.162

Obesity 2.487 0.716 12.059 1 0.001 12.025 2.954 48.943
Constant −8.609 0.744 133.738 1 0.000 0.000

Diabetes Medication Use

B SE Wald df Sig Exp(B)
95% CI for EXP(B)

Lower Upper
Sex

(Women) −0.467 0.076 38.116 1 0.000 0.627 0.540 0.727
Age 0.090 0.004 493.403 1 0.000 1.094 1.085 1.103

Inactive 39.358 3 0.000
Walker −0.184 0.097 3.582 1 0.058 0.832 0.687 1.007
Active −0.560 0.121 21.563 1 0.000 0.571 0.451 0.723

Very active −0.947 0.192 24.208 1 0.000 0.388 0.266 0.566
Underweight 185.194 3 0.000

Normal 0.967 0.719 1.808 1 0.179 2.630 0.643 10.761
Overweight 1.564 0.717 4.762 1 0.029 4.780 1.173 19.483

Obesity 2.305 0.717 10.337 1 0.001 10.027 2.459 40.878
Constant −8.755 0.751 135.743 1 0.000 0.000

B: understandarized beta; SE: standard error of the regression; Wald: Wald Chi-Squared Test; Df: degrees of
freedom; Sig: statistical significance; Exp: exponential regression; CI: Confidence Interval).
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4. Discussion

This study found associations between Diabetes prevalence and sex, with men hav-
ing a higher prevalence than women, whose differences in proportions were statistically
significant. One study carried out in the general population was in the same line, with
a higher Diabetes prevalence in men than in women and increased prevalence in older
people [30]. Similar results were found in the north-western European population, where
the Diabetes mean prevalence was 5.9% for women and 7.9% for men [31]. In the study
carried out by Aregbesola et al., a 61% higher risk in men rather than in women was
found [32]. This higher prevalence in men could be justified by a higher accumulation
of body iron in men and a limited capacity for subcutaneous fat expansion in men [33],
so males would accumulate more fat in visceral (liver, spleen, and pancreas) and skeletal
muscles, generating greater oxidation of the accumulated fats, leading to increased insulin
resistance and glucose homeostasis disturbance [34,35]. Dependent relationships were also
found between Diabetes prevalence and age groups. Diabetes prevalence increased with in-
creasing age, with the highest prevalence (18.3%) in the older age group (65–69 years). The
study performed by Bullard in the USA population, based on data from the 2016 National
Health Interview Survey (NHIS) showed that DM2 prevalence increased progressively in
the older age group; the highest prevalence was found among adults over 65 years and
older [36].

Diabetes percentage was higher in the BMI groups, with the lowest percentage (0.5%)
of diabetic patients in the underweight group and the highest percentage (13.6%) in the
obesity group. These data were consistent with those of Zhao with the same group classifi-
cation. However, percentages were established within the Diabetes group, with 0.54% in the
low weight group and 61.94% in the obesity group [37]. The research conducted by Glovaci
with adults with BMI above 40 kg/m2 showed a higher risk (OR = 7.37, 95 % CI: 6.39–8.5) of
Diabetes diagnosis than those with a BMI within the normal range [38]. Obesity may be one
of the most important predictors of DM2 as excess body fat and unfavourable body fat dis-
tribution lead to a state of chronic inflammation and insulin resistance, as well as impaired
insulin secretion [39]. The most sedentary individuals had higher BMI, waist circumference,
and increased systolic blood pressure was found [40]. Among the individuals with DM1,
the active group had a lower BMI with a low obesity prevalence, a lower fat mass index
and a lower waist circumference [41]. Our study obtained that Diabetes prevalence in
obese subjects (BMI ≥ 30) was lower in the groups with higher PAL (Active 10.7 % and
Very Active 6.5%) than in those with lower PAL (Inactive 15.2%), being these differences be-
tween proportions were significant. Therefore, there could be a strong association between
sedentary behaviours (lower PAL) and higher BMI in diabetic and non-diabetic patients.
Among the most sedentary individuals, generally, a higher BMI, waist circumference, and
increased systolic blood pressure were found [42]. In individuals with DM1, the active
group had lower BMI with a low obesity prevalence, lower fat mass index and a lower
waist circumference [43]. The Diabetes prevalence in our study in Obese subjects (BMI ≥ 30)
was lower in the groups with higher PAL (active 10.7% and very active 6.5%) than in those
with lower PAL (inactive 15.2%), with these differences being significant proportions [42].
Therefore, there could be a strong association between sedentary behaviours (lower PAL)
and higher BMI in both diabetic and non-diabetic individuals [42,43].

The highest Diabetes prevalence were found in the participants with the lowest PAL
(inactive and walking groups) and the lowest in those with the highest PAL (active and
very active groups). In this line, Colak used the IPAQ-SF Questionnaire [44] to assess PA
and found that in 129 patients with DM2, 39.5% were Inactive and only 8.5% showed
high PAL [45]. Oguntibeju found [46] reduced Diabetes risks in the active and very active
groups compared to the inactive group in the general population, in both sexes, in the
age groups 35–49 and 50–64 years, and most BMI groups. Other research has shown
this inverse relationship between PA and Diabetes risk [47–50]. However, these studies
used different instruments to assess PA (quantitatively, qualitatively, or mixed), measured
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different domains (occupational PA, leisure time PA, etc.) and dimensions (type of PA,
intensity, duration, etc.), which could be problematic in making comparisons [51,52].

Diabetes medication use prevalence were higher in subjects with lower PAL, with
prevalence decreasing the higher the PAL. In this regard, another study showed an associ-
ation between a daily dose of vigorous exercise and lower odds of Diabetes medication
use [53]. These findings were in line with those of the current study: the higher the PAL, the
lower the medication prevalence. Therefore, diabetic individuals taking more medication
have more severe symptoms of the disease and, consequently, experience greater challenges
or barriers to physical activity or even prevent physical activity, possibly related to the
adverse effects of the medication itself.

The importance of this study lies in the analysis of the associations between the phys-
ical activity level and Diabetes prevalence and Diabetes medication use in the Spanish
population during the last period before the COVID-19 pandemic, serving as a frame of
reference for future research examining post-pandemic periods, as the ENSE is addressed
every 5 years. This research showed the relationship between PAL and Diabetes. Hence,
introducing exercise programs in Diabetes could be considered as a potential tool for its
benefits on patients’ health such as improvements in glucose metabolism and insulin sensi-
tivity [54], though this should be confirmed by studies that allow cause-effect relationships
to be established.

This study has some limitations. On the one hand, a cross-sectional design does not al-
low for establishing cause–effect relations. Thus, further research using designs which allow
causal relations to be established would be advisable. This work was based on self-reported
Diabetes without any medical history or medical judgement. Additionally, this study
lacked data on the type of Diabetes, which could influence the results. In future research,
it would be interesting to use means of collecting objective data for Diabetes diagnosis.
Moreover, additional sociocultural, socio-demographic, and socio-economic variables that
could influence the results of Diabetes prevalence were also not considered [55–57].

5. Conclusions

Diabetes and Diabetes medication prevalence use was higher in men than in women
and increased with age groups, with the highest prevalence levels among those aged
65–69 years and the lowest prevalence levels among those under the age of 34 years. These
prevalence increased with the higher the BMI, with underweight people having the lowest
prevalence levels and obese people the highest. The prevalence in men and women were
highest in the inactive and walking groups and lowest in the active and very active groups,
i.e., prevalence levels decreased the higher the PAL. Therefore, Diabetes risk and Diabetes
medication use could be reduced the more active and very active a person is compared to
inactive people in the general population in both sexes, in age groups of 35–49 and 50–64,
and in most BMI groups.
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Abstract: Background: Physical inactivity is a serious public health problem for people of all ages and
is currently the fourth highest global risk factor for mortality. The transition period from adolescence
to adulthood coincides with a marked reduction in participation in physical activity, with more
than 50% (and up to 80%) of young adults stopping physical activity. This decrease in physical
activity is more evident in women than in men. Despite efforts, existing programs face challenges
in effectively initiating and maintaining physical activity among individuals, particularly women,
for extended durations. To address these limitations, the Women’s Involvement in Steady Exercise
(WISE) randomized controlled trial (RCT) seeks to assess the efficacy of a digital high-intensity
training intervention complemented by nutritional plans and other health-related advice. Methods:
The study will be a three-center, randomized (1:1), controlled, parallel-group trial with a six-month
intervention period. A total of 300 participants will be recruited at three study sites in Spain, Serbia
and Italy. The participants will be randomized to one of the two groups and will follow a six-month
program. The primary outcome of the study is the daily step count. Self-reported physical activity,
the adherence to the exercise program, body composition, physical activity enjoyment, quality of
sleep and physical capacities will also be evaluated.

Keywords: health promotion; exercise; patient adherence; sedentary behavior; mobile applications

1. Introduction

Physical inactivity is a serious public health problem for people of all ages and is
currently the fourth highest global risk factor for mortality [1]. A lack of physical activity
is related to pathologies such as type 2 diabetes, coronary heart disease and certain types
of cancer, among others [2]. In addition, in the case of children and adolescents, several
studies have shown that those who perform greater physical activity have better physical
and mental health and better psychosocial well-being than those who lead a sedentary
lifestyle [3].
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It is estimated that 23% of the adult population and 81% of adolescents (between
11–17 years) do not meet the physical activity recommendations of the World Health
Organization (WHO) [4]. These indications suggest that children and adolescents between
5 and 17 should perform at least 60 min a day of moderate-to-vigorous-intensity exercise,
mostly aerobic, as well as incorporating strength/impact activities at least three days a
week. On the other hand, the recommendations for adults between the ages of 18 and 64
are that they should perform at least 150–300 min of moderate-intensity aerobic physical
activity, or at least 75–150 min of vigorous-intensity aerobic physical activity, combined
with muscle-strengthening activities at moderate intensity or greater on two or more days
a week [5].

Statistics from the European Union (EU) member states reveal that 60% of individuals
aged 15 and above rarely or never participate in exercise or sports, and over 50% seldom
or never engage in other forms of physical activity such as cycling, walking, gardening
or household chores [6]. The transition period from adolescence to adulthood coincides
with a marked reduction in participation in physical activity, with more than 50% (and up
to 80%) of young adults stopping physical activity [7]. This decrease in physical activity
is more evident in women than in men. According to the data provided in 2020 by the
Survey of Sports Habits in Spain, in annual terms, only 53.9% of women practiced sport in
2020 compared to 65.5% of men. The difference between men and women is most evident
in younger age groups: 15% of men aged 15–24 never exercise or play sports compared to
33% of women in the same age range [8].

Evidence reports that the best way to combat the consequences of a sedentary lifestyle
is to exercise. However, one of the great problems of sports practice is the lack of adher-
ence [9], that is, the lack of continuity to perform some type of physical activity. Barriers
to physical activity and sports participation for women include a lack of time, lack of
interest or low motivational level, societal norms and expectations related to gender roles
and appearance, lack of social support, fear of injury, limited access to exercise facilities
or prohibitive costs of training programs, cultural norms and stereotypes and personal
beliefs and attitudes, among other factors. These barriers may vary by age, ethnicity and
socio-economic status [10–14].

In order to overcome these barriers, different strategies have been described, such as
group training, supervised training and different, more “dynamic” exercise modalities such
as those that combine moderate aerobic exercise with strength exercise or high-intensity
functional training [15]. One of these interventions is High Intensity Interval Training
(hereinafter HIIT). This training modality is acquiring great acceptance as one of its main
advantages is that it is a form of exercise of short duration (the sessions usually last between
20 and 30 min). However, despite its short execution time, its effects are maintained in
the long term (up to 48 h after having completed the training [16]). Furthermore, it has
been seen in some studies that participants prefer this type of exercise to a traditional
exercise program because they enjoy it more and find it more motivating [17]. A review of
HIIT programs has shown that a range of HIIT protocols, including those that use cycling,
running and bodyweight exercises, can enhance cardiorespiratory fitness and other health
markers in both healthy individuals and those with chronic diseases such as diabetes and
hypertension [18]. Other studies have suggested that HIIT programs involving Tabata-style
intervals (i.e., exercise periods that involve performing an exercise at maximum intensity
for 20 s, followed by 10 s of rest, and repeating this cycle for a total of four minutes) can be
effective for improving fitness in inexperienced populations [19,20]. However, it is worth
noting that a gradual progression and individualized programming are crucial to prevent
injury and ensure long-term success with a HIIT program.

The evidence also reports that new technologies could be a great tool to combat
the aforementioned adhesion problems. Some studies have shown that new technolo-
gies, such as phone apps or smartwatches, can be a useful support to improve exercise
adherence [21,22]. The Xiaomi Mi Band smartwatches have shown good accuracy in the
measurement of steps [23,24], although more studies are needed in this regard as there is
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a lack of literature on the subject. Leveraging behavior change theories and techniques
(BCTs) is a critical factor in enhancing the effectiveness of e-health interventions as they
enable the targeting of key components for behavior change [25]. The Consolidated Stan-
dards of Reporting Trials (CONSORT) statement [26] and the World Health Organization
(WHO) [27] have stressed the importance of incorporating a theory-based approach in the
creation of digital interventions, according to their recommendations.

On the other hand, nutrition is well-recognized as a central component of a healthy
lifestyle. Maintaining a healthy diet is a challenge for adolescents and young adults [28].
Dietary behaviors also tend to worsen during early adulthood, when young individ-
uals transition into independent living [29]. Dietary behavior change programs are
needed that appeal to large numbers and diverse types of people who could benefit from
the educational/behavior change procedures. Innovative approaches to dietary change
are needed to engage participants in enjoyable experiences to reach the largest number
of participants.

For these reasons, in order to engage young women in physical activity habits, it is
necessary to create a new perspective of promoting exercise. New ways of encouraging
physical activity should be included. These should include a combination of new technolo-
gies with shorter and more varied exercise sessions that facilitate women’s enjoyment of
physical activity and appear as a new way of improving their adherence to exercise within
a healthier lifestyle.

Study Aims

The primary goal of the Women’s Involvement in Steady Exercise (WISE) randomized
controlled trial (RCT) is to evaluate the adherence to a six-month HIIT program, accompa-
nied by nutritional plans and other health-related advice, delivered via a mobile application,
among sedentary young women aged 15 to 24 years. This trial aims to determine the ef-
fectiveness of the exercise intervention by assessing the changes in the participants’ daily
step count over the six-month period. The secondary objectives include analyzing the
medium- and long-term effects of the program on various variables, including physical
activity, anthropometric measurements, body composition, physical capacities, well-being
and psychological mediators.

2. Materials and Methods

2.1. Study Design

The WISE experimental RCT consists of three components embedded into a smart-
phone app: (1) a remote HIIT program with video sessions; (2) an interface that includes
health information; (3) an activity monitoring tool. The study will be a three-center, ran-
domized (1:1), controlled, parallel-group trial with a six-month intervention period. Young
women will be recruited from the communities at three study sites in Spain (University
of Valencia, Valencia), Serbia (University Nikola Tesla, Belgrade) and Italy (SPORTLAB,
Parma). This study protocol will be reported in accordance with the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT) guidelines [30], and will follow
the CONSORT (Consolidated Standards for Reporting Trials) guidelines for the transparent
reporting of parallel group randomized trials [31]. To gain a comprehensive understanding
of the study design, refer to Figure 1.

2.2. Participants
2.2.1. Eligibility Criteria

Participants eligible for the trial must comply with all of the following:

1. Young women aged between 15 and 24 years.
2. Sedentary young women who do not comply with the WHO recommendations for

physical exercise and with a low international physical activity questionnaire (IPAQ)
score, which means that they do not perform at least one of these:

• Three or more days of vigorous activity for at least 20 min a day.
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• Five or more days of moderate-intensity activity.
• Walk at least 30 min a day every day.
• Five or more days of combining activities of moderate or vigorous intensity or

walking reached a minimum of 600 MET (min/week).

The presence of one of the following criteria will lead to the exclusion of the participant:

1. Young women with diabetes.
2. Young women with possible heart problems or another type of contraindication

that does not allow physical exercise (for this item the physical activity readiness
questionnaire (PAR-Q) survey is used).

3. Young women who are not willing to wear the smartwatch during the six-
month intervention.

4. Young women who have contracted severe COVID-19 prior to the intervention. Severe
COVID-19 is defined as dyspnea, a respiratory rate of 30 or more breaths per minute,
a blood oxygen saturation of 93% or less, a ratio of the partial pressure of arterial
oxygen to the fraction of inspired oxygen (Pao2:Fio2) of less than 300 mm Hg, or
infiltrates in more than 50% of the lung field [32].

Figure 1. Study flow chart. WHO, World Health Organization; IPAQ, international physical activity
questionnaire; PA, physical activity.

2.2.2. Recruitment

A total of 300 participants (150 per group) will be recruited between the three countries.
Each country will recruit 100 young women for the study. Dissemination of the project will
be conducted via email and posters in close contact with universities, schools and local
authorities. Through the information of the posters and emails, interested participants will
contact the investigators and will be informed about the study in order to decide if they
finally want to participate. Those willing to participate will be summoned for a personal
interview to check if they meet the inclusion criteria. Participants who meet the inclusion
criteria will be invited to participate in the study and will sign a written consent form
before being included in the study. At the start of the study, a wearable device (Xiaomi Mi
Band 5) will be distributed to all participants.
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2.2.3. Sample Size and Power Analysis

Sample size estimations were derived from the primary outcome measure of daily
step count, measured using the Xiaomi Mi Band 5. A priori sample size calculation
was conducted based on a previous meta-analysis [33], which reported an effect size of
d = 0.51 (95% CI 0.12 to 0.91, I2 = 90%), compared with control groups, for physical activity
interventions that included wearables and smartphone apps. Our sample size estimation
was based on an intermediate effect size of d = 0.50.

To detect a difference equivalent to an effect size of 0.5 on the primary outcome
with 90% power and a two-sided type I error of 0.05, a sample size of 240 is required.
Specifically, assuming that the statistical unit is an individual day and considering an
intraclass correlation coefficient of 0.5 to account for interindividual and intraindividual
variability, a total of 2002 individual days per group (equivalent to 22 participants per
group) are necessary. We suggest including a total of 300 participants (150 per group) in
order to protect against a potential dropout of 20%, inherent to such a trial.

2.2.4. Randomization, Allocation and Blinding

After the first experimental visit (T0), the participants will be randomized using a
computer-generated randomization list into one of the two conditions with a 1:1 allocation.
The allocation will be transmitted using numbered (0 = control/1 = Intervention), opaque
and sealed envelopes, which will be given to the young women and then registered by the
data collectors. The assessors will be blinded to the treatment allocation, although double
blinding is not applicable in interventions of this nature as it is impossible to conceal the
allocation from the participants. The participants will be instructed not to reveal their
allocation to the assessors to ensure unbiased assessment.

2.3. Intervention
2.3.1. Procedure

All participants will undergo a total of four visits, including the initial inclusion visit
and three experimental visits (T0, T1 and T2), as detailed in Table 1. During the selection
visit, qualified personnel will make sure that the young women fulfil the inclusion criteria
and that they (or their parent/legal representative in case the girl was a minor) sign the
informed consent form after explaining the project itself and after responding to all of their
questions. One week after the initial visit, the T0 experimental visit will be conducted to
measure all of the baseline assessments before the start of the intervention. At the halfway
mark of the program (i.e., three months in), a mid-term measurement will be carried out,
denoted as T1. The T2 experimental visit will be scheduled at the end of the program (i.e.,
after six months of intervention). The three experimental sessions will be identical.

Table 1. Timeline for enrolment, interventions and assessments.

Study Period
Selection Visit T0 Intervention

TIMEPOINT M-1 0 M1 M2 M3/T1 M4 M5 M6/T2
ENROLMENT:

Eligibility
screen X

Informed
consent X

Randomization X
INTERVENTIONS:

Intervention
group

Control group
ASSESSMENTS:
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Table 1. Cont.

Study Period
Selection Visit T0 Intervention

Step count
Adherence

IPAQ X X X
Height X
Weight X X X
Body

composition X X X

Plank test X X X
HLPCQ X X X

PSQI X X X
PACES X X X

Period pain X X X
CPM X X X

6MWT X X X
IPAQ, International Physical Activity Questionnaire; HLPCQ, Healthy Lifestyle and Personal Control Question-
naire; PSQI, Pittsburgh Sleep Quality Index; PACES, Physical Activity Enjoyment Scale; CPM, Conditioned Pain
Modulation; 6MWT, 6 Minutes Walking Test. Continue line: duration over time.

2.3.2. Intervention Group

In order to promote behavior change, we implemented 12 BCTs within the interven-
tion program. Table 2 displays how the BCTs have been implemented within the WISE
intervention group.

Table 2. BCT implementation in the intervention group following Michie et al.’s taxonomy [34].

BCT Implementation in the WISE RCT

Goal setting behavior (1.1) Set monthly step goal

Feedback on behavior (2.2) Feedback on daily steps via the activity monitoring tool included in the
application with weekly graphs

Self-monitoring of behavior (2.3)
Weekly diary used to document whether participants performed the

exercise video and if they were engaged in any additional exercise during
the study period

Feedback on outcome(s) of behavior (2.7) Bioimpedance sheet with all the information of the changes in their body
composition after 3 and 6 months of exercise

Social support (practical) (3.2) Social days created so the participants can exercise together in real life

Social support (emotional) (3.3) Promote social interaction through social media groups

Instruction on how to perform a behavior (4.1)
Behavioral practice/rehearsal (8.1)

Demonstration of the behavior (6.1)
Exercise videos

Information about health consequences (5.1) Tips and information about the benefits of exercise and a healthy lifestyle
given through the application

Prompts/cues (7.1) Push notification through the application

Graded tasks (8.7) Exercise program with increased difficulty

BCTs, behaviour change techniques; WISE, Women’s Involvement in Steady Exercise; RCT, randomized controlled trial.

The WISE intervention is composed of four main features:

1. Exercise videos: participants in the intervention group will receive two HIIT video
sessions a week via the WISE app (Figure 2A). These sessions will be carried out at
their own home without the need of sport equipment. The exercise program will be
developed by two experts in physical activity and sports sciences. Each session will
consist of four exercises, and, from session 10, with two different intensities so that the
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participants can choose one according to their physical condition. The exercises will
be different every week. The second session will always have a greater intensity than
the first, and the intensity will be increased from week to week. Each session will last
between 20 and 30 min and will follow the following structure: 5–7 min of warm-up;
10–15 min of HIIT training; 5–7 min of stretching. Table 3 shows the progression for
the WISE exercise protocol. The complete WISE exercise protocol with links to the
videos of the sessions can be seen in Table S1.

Figure 2. Screenshots examples of the WISE application. (A) HIIT video sessions. (B) Sleeping tips.
(C) Well-being tips. (D) The activity monitoring tool. (E) The weight and sleep monitoring tool.

Table 3. WISE exercise protocol progression.

Month Session Work Time Recovery Time Level

1
1

20” 20”
Initiation and no impact

2 Medium-advanced with impact

2
1

20” 15”
Initiation and no impact

2 Medium-advanced with impact

3
1

20” 10”
Initiation and no impact

2 Medium-advanced with impact

From week 12th, we introduce 2 different intensity levels in each session (one without impact or less demanding) so the participants
can choice between the 2 levels in order to better adapt their effort

4
1

30” 20”
Medium

2 Advanced

5 and 6
1

40” 15”
Medium

2 Advanced

2. Education in healthy habits: once a week, the participants will receive reading ma-
terial, with an approximate duration of 2 to 5 min, on general advice on nutrition,
sleep (Figure 2B) and well-being (Figure 2C), written by experts in the field. Dietary
guidelines will also be created by a team of professionals specialized in nutrition to
stimulate the participants and give them basic indications on proper eating behavior.
These reading materials will be delivered to the participants through the WISE appli-
cation and will appear by means of a push notification. The complete list of messages
for the WISE participants can be seen in Table S2.

3. Activity tracker: participants will be able to check their activity at any time of the day
through the Xiao Mi Band 5 smartwatch (Figure 2D). The data will also be displayed in
the app with weekly charts so participants can see their progression. The participants
will also be able to track their weight and their sleep over time (Figure 2E) through
the application. Moreover, their heart rate will be recorded. This tool aims to give
feedback on behavior and promote self-monitoring of physical activity.

4. Motivational activities: in order to motivate the participants to perform the videos, so-
cial media, email, WhatsApp groups and/or other channels, such as Viber (depending
on the availability/popularity in each country), will be created for the participants to
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communicate with each other. In addition, social meetings will be organized through
“Open Days” held in each country and transmitted through streaming so all the
participants can attend the event. During the “Open Days”, talks on nutrition and
physical activity will be held, as well as in-person meetings to perform the exercises.
Moreover, the participants can expose their doubts and concerns, which can be solved
in a personal manner during these events.

2.3.3. Control Condition

The participants in the control group will benefit from general physical activity recom-
mendations (at the start of the intervention: general physical activity guidelines) and will
also have access to the activity monitoring tool supplied by the smartwatch. The content of
both groups is summarized in Table 4.

Table 4. Summary of the groups’ content.

Intervention Group (Videos) Control Group

50 HIIT video exercise sessions Physical activity recommendations (at the start of the
intervention: general physical activity guidelines) *

Communication group –

Activity monitoring tool (mobile app + Xiaomi Mi Band 5) Activity monitoring tool (Xiaomi Mi Band 5)

Education in healthy habits –

HIIT, High Intensity Interval Training. * At the end of the program, the participants will have access to the HIIT
video sessions.

2.3.4. Adverse Events

Throughout the experiment, adverse events will be monitored for each procedure. Any
adverse events or reactions that are thought to be causally associated with the intervention
will be recorded and managed.

2.4. Outcome Measures
2.4.1. Primary Outcomes

The primary outcome of this study will be the change in daily steps from baseline
to three months and six months. Daily steps will be assessed using the Xiaomi Mi Band
5 smartwatch, a reliable wearable activity tracker that has been validated in previous
research [35–37]. Days with missing data, defined as days with fewer than 1000 steps,
based on previous literature [38,39], will be excluded from the analysis [40,41] to ensure
accurate and comprehensive data representation.

2.4.2. Secondary Outcomes

The secondary outcomes include changes in: (1) physical activity; (2) anthropometric
measurements and body composition; (3) physical capacities; (4) well-being. In addition,
psychological mediators will also be examined.

The following criteria will be used in order to measure the WISE program adherence [42]:

• Retention (completion): the participants following the WISE exercise videos and
showing up to the follow-up measurements.

• Attendance: percentage of videos completed of the total of 50 videos
• Duration: adherence to a minimum of 20 min of exercise two times a week.
• Intensity: intensity levels of the sessions will be assessed at the end of each session

using the modified Borg Scale, which measures perceived exertion [43].

These items will be measured through a weekly online exercise diary, where the
participants will be asked if they completed both video sessions. They will also be asked
about their perceived exertion after each session. This will allow us to assess whether they
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are following the 20 min of exercise two times a week rule, completing the video sessions,
so we can see the number of videos completed at the end of the program.

Table 1 presents the assessment schedule, following the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) schedule template. Table 5 provides
an overview of all the outcome measures.

Table 5. Outcomes measures of the WISE RCT.

Outcome Assessment Method

Primary outcome

Daily step count over 6 months The Xiaomi Mi Band 5 smartwatch will be used to assess the daily step count. Days with
missing data and/or days with fewer than 1000 steps will be excluded from the analysis.

Secondary outcomes

Physical activity

Self-reported physical activity and
sedentary behaviors

Self-reported behaviors will be gathered using the International Physical Activity
Questionnaire (IPAQ). The IPAQ assesses walking and activities of a moderate and vigorous
intensity that are performed continuously for at least 10 min in all domains of everyday life

(i.e., leisure, occupational, household and transport) in the last 7 days. The IPAQ
demonstrates acceptable levels of test-retest reliability and fair to moderate associations

with accelerometer measures [40,41].

Anthropometric data and body composition

BMI, Body mass and height

Using a calibrated digital scale, body mass is measured to the nearest 0.1 kg; height is
measured to the nearest 0.1 cm using a wall-mounted stadiometer. The BMI is automatically

calculated by the body composition analyzer as the ratio of body mass (kg) to
height squared (m2).

Body composition
Assessment of body composition is conducted using bioelectrical impedance analysis with

the multi frequency segmented body composition analyzer InBody 230
(InBody, Cerritos, CA, USA) [44].

Physical capacities

Muscle strength

The plank test protocol requires participants to maintain a static prone position with only
forearms and toes touching the ground. Proper form requires feet together with toes curled
under the feet, elbows forearm distance apart, and hands clasped together against the floor
mat. Participants maintain eye contact with their hands, a neutral spine, and a straight line
from head to ankles. The test begins when the participant demonstrates the correct position.
Participants are allowed to deviate from the correct position once and can continue the test

if they immediately resume the correct starting position. The test is terminated on the
second deviation from the correct position or if the participant does not return to the correct

position after the first warning [45]. The plank test protocol is a reliable test [46] and has
been used with children [45] and young adults [46].

Endurance

The 6 Minute Walk Test measures aerobic capacity and endurance through sub-maximal
exercise. The outcome by which to compare changes in performance capacity is the distance

traveled during a period of 6 min. Reference equations have been developed for healthy
young adults [47], and have proved Excellent test-retest reliability, interrater reliability and

intrarater reliability for different populations [48–52].

Well-being

Quality of life

The Healthy Lifestyle and Personal Control Questionnaire (HLPCQ) will be used to
examine several dimensions of daily living. The HLPCQ has been described as a good tool
for assessing the efficacy of future health-promoting interventions to improve individuals’

lifestyle and well-being. This questionnaire is a 26-item tool in which the respondent is
asked to indicate the frequency of adopting 26 positively stated lifestyle habits using a

Likert-type scale (1 = Never or rarely, 2 = Sometimes, 3 = Often and 4 = Always) [53].
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Table 5. Cont.

Outcome Assessment Method

Quality of sleep

Quality of sleep will be assessed with The Pittsburgh Sleep Quality Index (PSQI), a
self-administered questionnaire used to evaluate sleep quality during the past month. The
validity of the PSQI has been confirmed by several studies in different patient populations
and languages [54–57]. The PSQI consists of seven clinically derived components that assess

sleep difficulty, and the sum of these seven component scores yields a global score of
subjective sleep quality [57]. The PSQI demonstrates moderate convergent validity

compared to measures of insomnia and fatigue and good divergent validity with measures
of daytime sleepiness and circadian phase preference in young adults [58].

Period pain

Pain intensity will be measured using the visual analogue scale (VAS).
A 100-mm line bounded by “no pain” on the left (0) and “worst pain possible” (100) on the
right will be used to indicate the average pain during the period. The minimum clinically
detectable difference (MCID) of this scale has been set at 30 mm [59]. It is also a scale that

has been validated [60].

Psychological mediators

Perceived enjoyment

The Physical Activity Enjoyment Scale (PACES) is used to evaluate perceived enjoyment of
physical activity during the intervention. The questionnaire comprises 16 items, where

participants rate their feelings about the physical activity they have been engaging in using
a 7-point Likert scale, ranging between 1 (not at all) and 7 (very much) [61]. PACES shows a

very high internal consistency (Cronbach’s alpha = 0.908) and the test-retest reliability
indicates a good temporary agreement (Spearman rho = 0.815, p < 0.001) in adolescents with

overweight and obesity [62].

Program adherence

Retention, Attendance, Duration
and Intensity These four variables will be used to measure program adherence, as described before.

WISE, Women’s Involvement in Steady Exercise; RCT, randomized controlled trial; BMI, body mass index; PPT,
pressure pain threshold.

3. Statistical Analyses Plan

All the statistical analysis will be performed using the SPSS version 24 Software
(SPSS Inc., Chicago, IL, USA). If adherence issues occur, all analyses will be evaluated by
intention-to-treat principles, with a level of significance of 0.05. Continuous outcomes will
be presented using mean and standard deviation if they follow a normal distribution. On
the other hand, count outcomes, such as WISE sessions completed, will be reported through
the median and percentage of achievement. At the basal assessment, an independent-
samples Student’s t-test will be performed to rule out differences between groups of age
and height of participants.

In order to answer the first aim of this study, the changes in the adherence variables,
such as daily steps, the Borg scale and the IPA questionnaire, will be analyzed by 1-within-
subject factor multivariate analysis of variance (MANOVA). The Bonferroni adjustment
will be used for post-hoc comparisons between the T0, T1 and T2 times assessments. On
the other hand, the secondary outcomes of the study will be tested by 2-factor mixed
MANOVA to analyze the effects of a within-subject factor (time assessment from T0 to T4),
the between-subject factor (group) and their interaction. As mentioned above, Bonferroni
adjustment will be used for times and groups comparisons. In addition, the same statistical
test will be carried out considering the country of origin of the data as a covariate, and the
findings will be reported according to their statistical significance. For all the statistical
analyses, differences will be declared statistically significant if the p-value is less than 0.05.
The exact p-value and 95% confidence interval will be reported.

4. Ethics and Dissemination

The WISE RCT adheres to the Helsinki declaration principles. The research protocol
has been reviewed and approved by the Human Research Ethics Committee of the Univer-
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sity of Valencia (protocol number 1944476). The study is registered in the ClinicalTrials.gov
(NCT05467280). Written informed consent will be obtained from each participant. All
of the investigators, the ethics committees and the trial registry will be informed of any
modifications that must be made to the study protocol. The results will be disseminated
through international conference presentations and in relevant scientific journals.

5. Conclusions

This study aims to investigate the effectiveness of an online HIIT program with
nutritional plans and other health-related advice in improving exercise adherence and
various health outcomes among sedentary young women. A significant contribution of this
study is the development of guidelines to promote exercise engagement in this population.

We expect that the WISE program will improve the participants’ knowledge of physical
activity, proper nutrition and healthy habits. The program’s physical activity component
will involve monitoring the participants’ heart rate, number of steps and body composition,
including fat percentage, visceral fat, water and muscle mass. The diet and healthy habits
component will offer basic guidelines and advice on healthy eating, quality sleep and
adequate water intake, all delivered via a mobile application.

However, the study design has some limitations, including the program’s duration
of six consecutive months, which includes vacations and local holidays, as well as the
challenge of ensuring that the participants adhere to the program, such as wearing the
smartwatches. Depending on the results obtained, the WISE program may consider adjust-
ing the sessions to be more individualized. Additionally, as noted by DiPietro et al. [63], it
is important to acknowledge that the WHO recommendations used as a filter in this study
are general guidelines for the population as a whole and may not be specifically tailored to
certain subpopulations, such as sedentary young women. Finally, increasing the sample
size will enable the development of a specification equation (via regression analysis) to
determine the general health status of the women in each age group.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/healthcare11091279/s1, Table S1: WISE exercise protocol with
links to the videos of the sessions; Table S2: Messages sent to the participants as readings about
education in healthy habits.
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Abstract: Research shows that exercise training programmes lead to several improvements in older
adults’ health-related quality of life (HRQoL) and well-being. This study will examine the effects
of an active retirement programme on Portuguese older adults, investigating its effects on body
composition, physical fitness, HRQoL, and physical activity level (PAL). Therefore, a parallel-group
randomised controlled trial will be conducted, including body composition (height and body weight),
physical fitness (strength, flexibility, agility, postural control, and gait), HRQoL, and PAL assessments
before and after the application of the programme. The programme will be carried out for six months,
two days per week (45 min), plus a year of follow-up. The programme will consist of six circuits
with eight physical exercises each. The circuits will change at the end of the four weeks (one monthly
circuit). The exercises’ difficulty will increase throughout the programme, with alternatives for all
the participants. If the effectiveness of the programme is demonstrated, implementation in different
services and municipalities could be advised, as the actors involved in health and social services
should promote the well-being of their citizens through, among others, health-related physical activity
and the prevention of diseases associated with inactivity.

Keywords: elderly; falls; gait; postural control; exercise; quality of life

1. Introduction

Demographic ageing is the paradigm of the 21st century, and the older adult population is
trending upwards. According to the central forecast scenario of the Office of Statistics National
Institute, the number of older adults will increase from 2.1 to 2.8 million between 2015 and
2080 [1]. Thus, understanding and preventing disability in older adults is an important
public health challenge, as ageing is a risk factor contributing to functional decline [2].
Ageing is continuous and irreversible and can be related to physical and cognitive function
decline [3].

Physical activity (PA) plays an important role in healthy ageing, extending life, and
quality of life, reducing chronic the incidence of physical and mental diseases. Moreover,
every additional 15 min of daily PA (up to 100 min/day) reduces the mortality rate from
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any cause 4%. Although mechanisms underlying PA’s positive effects on health have not
been fully revealed, evidence points to inflammatory markers, cellular oxidative stress
regulation, and the impact on telomere length that could delay the ageing process [4].
According to the World Health Organization (WHO)’s recommendations [5], more than a
quarter of the worldwide population (27.5%) does not perform at least 150 min of moderate
or 75 min of vigorous PA per week [6]. Older adults should conduct, at least 150 min of
moderate-intensity aerobics, at least 75 min of vigorous-intensity aerobics, or an equivalent
combination of moderate- and vigorous-intensity PA throughout the week for substantial
health benefits. Older adults should also perform moderate or greater-intensity muscle-
strengthening activities that involve all major muscle groups two or more days a week,
as these provide additional health benefits. As part of their weekly PA, older adults
should practise multicomponent PA, emphasising functional balance and strength training
at a moderate or high intensity three or more days a week to prevent falls [5]. In this
sense, Gopinath et al. [4] carried out a study for 10 years in Australia, following up with
adults over 50 years involved in moderate-vigorous PA (≥ 5000 MET minutes/week),
which found that participants doubled their survival probability without chronic diseases,
cognitive deficits, or functional incapacity. Moreover, PA levels (PAL) in older people
should be higher than those recommended by the WHO (600 MET minutes/week) [5] to
reach healthy ageing. There are 2.4 million individuals aged 65 and over in Portugal [7],
with only 16.6% following the WHO’s recommendations [8]. A lack of PA contributes to
the loss of functional fitness in the elderly [9]. Aerobic exercise is important for optimal
musculoskeletal performance; however, aerobic capacity gradually declines with advancing
age. Likewise, exercised muscles are more sensitive to anabolic stimuli, such as protein
ingestion, which allow muscle protein synthesis [10]. As a result, sedentary elderly people
have lower muscle mass and reduced bone mass, and, consequently, their ability to perform
PA is affected.

Psychosocial factors also impact the functional status of the elderly. Self-efficacy and
fear of falling are important factors [11]. Self-efficacy is not only associated with gait
speed and physical-function limitations but also with participation in physical exercise
programmes. In turn, fear of falling negatively influences sedentary behaviour time. Other
psychosocial factors associated with reduced functional fitness are loneliness, depression,
and exhaustion [10]. Moreover, physical factors impact the ageing process. A decrease in
strength leads to a lower functional capacity, loss of balance, and decreased gait speed [12]:
older adults generally have a wider gait, postural sway, and greater gait variability when
walking [13]. Moreover, the sensorimotor system incorporates all processing and the affer-
ent, efferent, and centrally integrating components involved in joints’ functional stability.
As people age, this ability becomes limited, leading to important biomechanical changes in
gait [14]. Loss of mobility, decreased muscle strength, and a balance deficit all contribute
to dependence [15]. Hence, sensorimotor training improves older adults’ balance and
provides gait confidence, although it does not affect the biomechanical parameters [16].
Several studies on sensorimotor training reported improvement in performance in clinical
balance and mobility [17]: sensorimotor training-induced shortened onset latency in postu-
ral muscles [18], decreased onset latency, and enhanced reflex activity [19]. Sensorimotor
training also induces an improvement in maximal and explosive-force production of leg
extensors’ capacity [20] and improves lower-limb strength and power, static and dynamic
balance, and mobility [21].

Research on how PA affects health-related quality of life (HRQoL) has shown that
PA’s benefits regarding quality of life were limited [22,23]. Several studies have evaluated
the sensorimotor system in the elderly and obtained strength, mobility, and balance im-
provements, but these results were not consistent due to the reduced sample [20,21], being
short-term (12 weeks or less), or only assessing some abilities [17]. This study will last
24 weeks, and its effects will be measured through gait, postural control, strength, flexibility,
balance, and agility. Hence, this study will aim to (1) assess the effectiveness of an active
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retirement programme on elderly body composition, physical fitness, HRQol, and PAL and
(2) assess the programme’s effectiveness throughout the ageing process (follow-up).

2. Materials and Methods

2.1. Design

A parallel-group randomised controlled trial will be conducted, including a 6-month
intervention phase and a 1-year follow-up period. For both groups (control and experi-
mental), assessments will be performed at baseline (before starting the intervention), and
after the intervention ends. The study will follow the Consolidated Standards of Reporting
Trials Statement (CONSORT) [24].

2.2. Ethics

The Ethics Committee of the University of Évora approved this project (approval num-
ber: 21040). The study was registered with the Clinical Tri-als.gov PRS Protocol Registration
and Results System (Registration Number: NCT05398354; https://www.clinicaltrials.gov/
ct2/show/NCT05398354?term=NCT05398354&draw=2&rank=1 (accessed 12 June 2022).

2.3. Sample Size

Sample size calculations were performed using the G*Power 3.1.9.4 software (Kiel
University, Kiel, Germany), selecting the statistical test to compare the difference between
two independent means (two groups). Thus, accepting an alpha risk of 0.05 and a beta
risk of 0.2 in a bilateral contrast and assuming a moderate effect size of 0.5, a total of
160 participants (80 subjects in the experimental group and 80 in the control group) were
sufficient to reach a minimum potency of 90%.

2.4. Randomisation and Blinding

Participants will be randomly assigned to the experimental (active retirement pro-
gramme) or control groups. To assign participants to each group (1:1), Research Random-
izer software (version 4.0, Geof-frey C. Urbaniak and Scott Plous, Middletown, CT, USA;
http://www.randomizer.org, accessed 12 June 2022) will be used to create a randomisation
sequence. A member of the research team, who will not participate in the intervention,
will carry out this process. Group assignment will be hidden in a password-protected
computer file. Participants will know their group assignment, but outcome assessors and
data analysts will not know the participants’ group assignment.

2.5. Participants

Participants must meet the following inclusion criteria: (1) be retired; (2) be aged
between 55 and 80; (3) show their agreement to participate in the study by providing
a signed consent form; (4) be individuals without dentures (except dental prosthesis);
and (4) not have undergone surgery for less than six months. Exclusion criteria will
be individuals with (1) musculoskeletal diseases; (2) locomotion issues; (3) psychiatric
disorders; (4) neurological disorders; and (5) cardiovascular diseases.

2.6. Intervention

Experimental group: This sensorimotor training programme will be carried out for
six months, twice per week. As shown in Figure 1, as the programme progresses the load
will be progressively increased.
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Figure 1. Study timeline graph.

Sessions will be divided into three intensity levels: easy (no external load during the
first eight weeks), intermediate (application of external load: elastic bands, shin guards, and
free weights, from the 9th week to the 16th week) and advanced (increase in external load
for the previous level, from the 17th week to the 24th week). Each month, a different type of
session will be developed (Figure 2). Each session will last 45 min and will be divided into
three phases: an initial one, consisting of a 5 min walk followed by a joint warm-up (10 min);
a fundamental phase (25 min), working on exercises circuits consisting of four cycles, with
eight exercises each (50 s on and 15 s off); and a return to calm with muscle stretching
(10 min). Additionally, at the end of every session, the intensity will be assessed using the
Borg Rating of Perceived Exertion Scale, and the level of satisfaction of the participants will
be assessed employing the Physical Activity Enjoyment Scale (PACES) [24].

Control group: Individuals will continue with their normal daily routine, only partici-
pating in the assessments. They will be offered to perform the exercise programme when
the study ends.

Moreover, to guarantee participants’ safety, different strategies will be applied:

- Anamnesis of all participants;
- Hygiene of the material to be used during the sessions;
- Breaks between exercises;
- More than one researcher assisting with the sessions;
- Application of the effort scale.

2.7. Measures

A variety of tools will be used. All measures will be undertaken at baseline, at the end
of the intervention, and one year after the end of the intervention (follow-up). Before the
first measurement, all participants will go through a familiarisation phase to familiarise
themselves with the different instruments and assessments included in this project.

a. Anthropometrics and body composition. Bodyweight and height will be assessed.
Before the measurements, participants will be asked to remove their shoes, socks, and
heavy clothing (coats, sweaters, coats, etc.). They will also be asked to empty their pockets
and remove belts and other accessories (bands, pendants, etc.). Height will be measured
using a stadiometer (Seca 22, Hamburg, Germany). This instrument must be placed on a
vertical surface with the measuring scale perpendicular to the ground. Participants will be
positioned in a standing position, with their shoulders balanced, and their arms relaxed
along their body. Height will be taken in cm and rounded to the nearest mm. Body weight
will be measured using a scale. Body weight will be recorded in kg. and the body mass
index (BMI) will be determined using the formula: weight × height2.
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b. Physical fitness. Participants will wear tracksuit bottoms and will be asked to
remove accessories and any objects in their pockets. The following measures will be carried
out (Figure 3): (I) agility and execution speed will be assessed through the Timed Up and Go
(TUG) test, which consists of getting up from a chair, walking in a straight line three meters
away, and walking back and sitting down again [25]; (II and III) postural control will be
tested through a force platform (Ber-tec4060-Columbus; USA). The assessment will consist
of measuring the oscillations in a static bipedal position, with eyes open (two minutes) and
with eyes closed (two minutes) [26]; (IV) gait will be assessed using the mobile application
“Phyphox” on the surface of the skin, at the inner edge of the tibia, to quantify the number
of steps and time. Participants will be asked to walk a pre-established route, without slopes
or obstacles, for 10 min, at their natural cadence and, later, walk the same route at a pace
determined by complex stimuli (auditory metronome—loudspeakers, which allow for
hearing beats that correspond to steps) [27]; (V) muscular endurance will be assessed by
rising up from the chair or bending and straightening for 30 s, during which the strength of
the lower limbs involving the vastus medialis obliquus (VMO) and the vastus lateralis (VL)
will also be calculated [28]; (VI) upper limb strength will be determined by the number of
times that a weight can be lifted by performing a flexion–extension of the arms for 30 s [28];
(VII and VIII) flexibility will be evaluated by two tests: “the sit and reach” for lower limb
flexibility, where participants, from a seated position with one leg extended, will slowly
bend down, sliding their hands down the extended leg until they touch (or pass) their
toes [28]; and “the behind the back reach” test for upper limbs, assessing the shoulder’s
full range of motion, which will consist of measuring with a ruler the distance between (or
the overlap of) the middle fingers behind the back [28].

c. HRQoL. This will be assessed using the 36-Item Short-Form Survey (SF-36) [29] in
its Portuguese version [30,31], a 36-question tool, which results in 8 dimensions of health
status (physical function, physical role, bodily pain, general health, vitality, social function,
emotional role, and mental health) and 2 summary components (physical and mental).
Dimensions and components are scored from 0 to 100, where 0 is the worst state, and 100 is
the best.

d. PAL. This will be assessed using the International Physical Activity Questionnaire Short
Form (IPAQ-SF) [32]. This instrument consists of four questions informing on the frequency
(days/week) and duration (minutes/day) of daily walks and activities requiring moderate
to vigorous physical exertion, as well as the time (minutes/day) spent on sitting activities on
weekdays and weekends. PA will be classified into three categories according to the IPAQ
consensus group: sedentary (<600 Met-minutes/week), active (≥600 Met-minutes/week), and
very active (≥3000 Met-minutes/week). This instrument will be completed by the participants
in its Portuguese version [33].

e. Subjective Perception of Effort. This will be assessed through the Borg Rating of Per-
ceived Exertion Scale [34] during the sessions, consisting of 10 items for which participants
rate their effort from “not at all” (1) to “maximum” (10).

f. Adherence rate. This will be controlled. For this purpose, following previous
studies [35,36] the following parameters will be monitored: proportion of participants com-
pleting exercise programmes, proportion of exercise sessions attended, average number
of exercise sessions completed per week, class attendance expressed as a proportion of
participants reaching certain cutoffs, number of weeks in which exercise was undertaken,
and proportion of days on which exercise was undertaken. In addition, recommendations
from previous studies will be followed to encourage adherence to the programme, includ-
ing making instructions to subjects simpler and less demanding, addressing cognitive
motivational factors such as self-efficacy and health beliefs, offering social support and
reinforcement, and providing reminders [37,38].

g. Level of satisfaction. This will be evaluated through the Physical Activity Enjoy-
ment Scale (PACES) survey, which consists of 8 items that are scored from 1 to 7 points
(where 1 = “I enjoy it”, 7 = “I hate it”, and 4 = “neutral”). The total score will be calculated
from the sum of the items, with a maximum possible score of 56 points and a minimum
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of 8; the higher the score is, the greater the enjoyment is. The Portuguese version will be
completed by the participants [24].

2.8. Statistical Analysis

Descriptive statistics and computations will be performed with SPSS (version 25.0;
IBM SPSS Inc., Armonk, IL, USA). Personal data will be kept anonymous.

Figure 2. Sessions’ main part planning.
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Figure 3. Assessments for physical fitness measurements.

The normality and homogeneity of data will be checked by applying
Kolmogorov–Smirnov and Levene’s tests, respectively. Data will be presented as means
and standard deviation (SD) (parametric variables) or median and interquartile range (IR)
(nonparametric variables). The independent samples t-test (parametric variables) or the
Mann–Whitney U test (non-parametric variables) will be used to determine whether the exper-
imental and control groups were comparable at baseline in terms of participant characteristics.
Then, repeated measures of ANCOVA will be applied to analyse the intervention effects on
the different dependent variables, adjusted by age and baseline outcomes. Cohen’s d (with
a 95% confidence interval) will also be included in the results as the effect size. Effect size
thresholds will be interpreted as follows: >0.2, small; >0.5, moderate; >0.8, large [36]. Statistical
significance will be computed for the effect of time and the interaction group × time. The alpha
level will be fixed at p ≤ 0.05.

3. Discussion

This project will be the first conducted developing a sensorimotor training programme
for 24 weeks using different sensorimotor skills in Portuguese older adults, to test this
programme’s effects on HRQoL and fall prevention compared to usual care. Different
difficulty levels will be included, facilitating individualisation. This training programme
can be applied by multiple agents who might be interested in reaping the benefits of these
types of activities, since this training method does not require any specific installation and
can be completed indoors or outdoors.

In this sense, Avelar et al. [21] carried out a similar quasi-experimental study, with a
similar training period composed of exercise circuits to improve strength, gait, functional
reach, and static and dynamic balance, among others. Positive responses in lower limb
strength, power, mobility, and static and dynamic balance were found, although the sample
was small [20,21,27], compared to the 160 participants expected for our study. Other
research [17,18,39] used sensorimotor training programmes on functional capacity and
balance for a short time, from two to six weeks. Despite the short period, positive results
were obtained concerning balance, mobility, activities of daily living performance, and fall
risk. Thus, by improving physical capabilities, fall risk could be lower. Other studies [19–21]
have applied 12–13 weeks of sensorimotor training, half of what is proposed in this protocol.
There were positive results for mobility and balance and an improved ability to produce
the maximum and explosive force of leg extensors. Several of these studies developed
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a short-time practical application [39], had a small size [21], or assessed only one or two
sensorimotor abilities [17–20]. For all these reasons, no studies with consistent results have
produced an advance on this topic, bearing in mind that the percentage of old people
practising PA is very low [40], so it is essential to promote PA practise, as sensorimotor
skills may be deficient.

The application of this study is expected to obtain an increase in physical capacities
such as strength, flexibility, gait, postural control, balance, and agility. In addition, we are
also aiming to improve the participants’ HRQoL and reduce their fall risk. The programme
could be applied to public and private entities. In the public sector, the application of active
retirement programmes within the services offered by public health programmes exists at a
regional level, as is the case of the “Alma Senior” programme, developed in the Municipality
of Almada, Portugal, or the “The Exercise Looks After You” programme, developed
in Extremadura, Spain, which increases its cost–benefit ratio for all aspects related to
HRQoL and fall prevention in this sector. Likewise, the possibility of implementing this
training system in different associations can be studied. In the private sector, a focus group
study can include the heads of health and sports centres, focusing on the applicability of
sensorimotor training in their centres, with the results of the study able to highlight the
potential advantages of private sector application.

The Portuguese population has experienced a substantial increase in average life
expectancy in the last four decades. During the same period, there has been a progressive
increase in health expenditure [41]. Regarding the relationship between ageing and health
expenditure, there does not seem to be a consensus in the literature on the effects of ageing
on health expenditure. The literature refutes that population age is a major determinant of
health expenditure and other factors, thus considering a strong positive correlation between
the two variables. This correlation is not confirmed in the majority of econometric analyses
that have been developed in the last two decades in the area of health economics [42]. Thus,
PA should be considered an essential item for public health, since, if performed regularly, it
is considered an important condition for health promotion and the prevention/remediation
of chronic diseases, for different age groups [43].

Regarding limitations, one of the limitations that will exist for the application of this
study is being after/during the COVID-19 pandemic. We must take extra care, by adding
space and material for the hygienists, to give greater security to the programme. Travel to
the space where the programme will be carried out may also be a limitation, considering
that the population under study involves people who no longer travel by car; it may be too
far away for them to travel on foot, so there will be increased costs due to the necessity of
using public transport.

In the future, it would be interesting to evaluate all age groups, in addition to this
age group, such as those who are still actively employed, to have a better perception of
what happens throughout life in terms of sensorimotor behaviour, not just during the
ageing process. This could result in people being able to act from an early age, to improve
the capacities analysed in this study. In addition, it would be interesting to add other
clinical variables more related to health, such as blood pressure and cholesterol, because, as
reported in other studies [44], there were improvements in these variables in the physical
condition of participants. We can also analyse the effects of the programme on the number
of medical appointments. Finally, applying a pre-participation physical assessment of the
participants by a sports physician would be beneficial.

The added value of this study will be the acquired knowledge about sensorimotor
training for the elderly, which will present a scientific advancement for PA, HRQoL, and
sedentary behaviour prevention. Finally, it will be innovative in creating an intervention
manual and a digital library with specific exercises for sensorimotor training, which allow
for better adaptation and motor coordination.
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4. Conclusions

This study will investigate the effectiveness of an active retirement programme in the
elderly on their body composition, physical condition, HRQoL, and fall risk, advancing the
knowledge of PA, health, and wellness.
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