
Academic Editor: Seung-Taek Lim

Received: 26 August 2025

Revised: 18 September 2025

Accepted: 3 October 2025

Published: 6 October 2025

Citation: Schneider, A.; Leite, L.B.;

Santos, F.; Teixeira, J.; Forte, P.;

Barbosa, T.M.; Monteiro, A.M. Effects

of High-Intensity Interval Training on

Functional Fitness in Older Adults.

Appl. Sci. 2025, 15, 10745. https://

doi.org/10.3390/app151910745

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Effects of High-Intensity Interval Training on Functional Fitness
in Older Adults
André Schneider 1 , Luciano Bernardes Leite 2 , Fernando Santos 1, José Teixeira 3,4,5 , Pedro Forte 1,5,6 ,
Tiago M. Barbosa 1,5 and António Miguel Monteiro 1,5,*

1 Department of Sport Sciences and Physical Education, Polytechnic Institute of Bragança,
5300-253 Bragança, Portugal; andrecschneider@gmail.com (A.S.); tintim.n.12@gmail.com (F.S.);
pedromiguelforte@gmail.com (P.F.); barbosa@ipb.pt (T.M.B.)

2 Department of Physical Education, Federal University of Viçosa, Viçosa 36570-900, MG, Brazil;
luciano.leite@ufv.br

3 Department of Sports Sciences, Polytechnic of Guarda, 6300-559 Guarda, Portugal; zeteixeira1991@gmail.com
4 Department of Sports Sciences, Polytechnic of Cávado and Ave, 4750-810 Barcelos, Portugal
5 Research Centre for Active Living and Wellbeing (LiveWell), Instituto Politécnico de Bragança,

5300-253 Bragança, Portugal
6 Department of Sports, ISCE Douro, Penafiel, 4560-708 Penafiel, Portugal
* Correspondence: mmonteiro@ipb.pt

Abstract

(1) Background: The global increase in life expectancy has generated growing interest in
strategies that support functional independence and quality of life among older adults.
Functional fitness—including strength, mobility, flexibility, and aerobic endurance—is
essential for preserving autonomy during aging. In this context, physical exercise, particu-
larly High-Intensity Interval Training (HIIT), has gained attention for its time efficiency
and physiological benefits. This randomized controlled trial aimed to evaluate the ef-
fects of a group-based HIIT program on functional fitness in older adults; (2) Methods:
Functional outcomes were assessed before, during, and after a 65-week intervention using
standardized field tests, including measures of upper and lower body strength, flexibility,
aerobic endurance, and agility. This study was prospectively registered at ClinicalTrials.gov
(NCT07170579); (3) Results: Significant improvements were observed in the HIIT group
across multiple domains of functional fitness compared to the control group, notably in
upper body strength, lower limb flexibility, cardiorespiratory endurance, and mobility;
(4) Conclusions: These results suggest that HIIT is an effective and adaptable strategy for
improving functional fitness in older adults, with the potential to enhance performance in
daily activities and support healthy aging in community settings.

Keywords: high-intensity interval training; functional fitness; adults; aging; physical
exercise; autonomy; activities of daily living

1. Introduction
The global population of older adults has grown substantially in recent decades.

By 2050, the number of individuals aged 60 and above is projected to nearly double,
comprising approximately 21% of the world’s population—around 2.1 billion people [1].
This demographic shift is occurring at an unprecedented pace, driven by advances in
medical science, improved living conditions, and declining birth rates [2].

While regions such as Europe and North America are expected to experience the
highest proportions of aging populations, developing countries—particularly in Asia and
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Latin America—are undergoing even faster relative growth in this age group [3]. Although
life expectancy has increased significantly, this rapid demographic transition presents major
challenges for public policy, economic systems, healthcare, social support services, and
family structures worldwide. Coordinated strategies are needed to ensure the quality of
life, sustainability of services, and social inclusion of older adults [4].

Moreover, the increasing prevalence of chronic diseases—closely linked to
aging—exacerbates the demands on healthcare systems [5]. This situation is further
compounded by falling birth rates in high- and middle-income countries, alongside the
continued rise in life expectancy observed since the 20th century [6]. In this context of
demographic and epidemiological transformation, the implementation of effective public
health policies and care strategies that promote health, autonomy, and well-being among
older adults is both urgent and essential [7,8].

In this context, physical exercise stands out as a fundamental non-pharmacological
strategy in the pursuit of healthy aging, playing a key role in both the prevention and man-
agement of various chronic conditions and contributing significantly to the improvement
of quality of life [9,10].

High-Intensity Interval Training (HIIT) has gained increasing recognition in recent
years as a safe and effective exercise modality, even for older adults when appropriately
adapted and supervised [11–13]. Characterized by short bursts of vigorous activity inter-
spersed with periods of active recovery or rest, HIIT can be implemented using functional
movements, calisthenics, or aerobic exercises across various settings [14]. A growing
body of evidence suggests that HIIT can significantly improve cardiorespiratory fitness,
muscular strength, and body composition in older populations. Additionally, it may
reduce inflammatory markers, enhance insulin sensitivity, and support blood pressure
regulation [11–13,15].

Despite its promising benefits, the literature still presents gaps concerning the specific
effects of HIIT on functional fitness among older adults—particularly in domains directly
related to autonomy in daily living, such as upper and lower limb strength, mobility,
flexibility, and aerobic endurance. Functional fitness is widely acknowledged as a critical
determinant of independence and quality of life in aging populations [16]. Its progressive
decline can impair mobility, balance, and overall physical performance [17]. In this context,
standardized functional assessments provide reliable tools for monitoring age-related
changes and guiding targeted interventions [18].

Muscle strength, in particular, plays a central role in maintaining health and functional
independence. It is closely associated with physical performance, prevention of disability,
and reduced risk of morbidity and mortality in older adults [19]. Among the various
assessment tools, handgrip strength has emerged as a widely used indicator due to its
simplicity, reliability, and strong predictive value for adverse health outcomes in aging
populations [20].

Therefore, the present study aimed to evaluate the effects of a 65-week high-
intensity interval training (HIIT) program on multiple components of functional fitness in
community-dwelling older adults. By integrating long-term follow-up, field-based func-
tional assessments, nonparametric statistical modeling, and a training protocol grounded in
functional movements without the use of resistance machines, this randomized controlled
trial offers a novel and practical contribution to the literature on the feasibility, effectiveness,
and sustainability of HIIT in real-world aging contexts.

We hypothesized that participants in the HIIT group would exhibit significantly
greater improvements in functional fitness components—including muscular strength,
flexibility, aerobic endurance, and mobility—compared to those in the control group.
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2. Materials and Methods
2.1. Study Design and Ethical Considerations

This single-blind, parallel-group randomized controlled trial (RCT) was conducted
over a 65-week period. Ethical approval was obtained from the Ethics Committee of the
Polytechnic Institute of Bragança (IPB) under protocol ID 2067313.

The study protocol was developed in accordance with the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) guidelines [21], and all procedures
complied with the ethical principles outlined in the Declaration of Helsinki. The trial was
reported following the CONSORT (Consolidated Standards of Reporting Trials) guidelines
for non-pharmacologic treatments [22].

The trial was prospectively registered on ClinicalTrials.gov (NCT06843486) prior to
participant enrollment, in accordance with the International Committee of Medical Journal
Editors (ICMJE) recommendations.

The intervention and all data collection procedures were conducted between February
2022 and June 2023.

2.2. Sample Description

The final sample included 79 community-dwelling older adults, with a mean age of
68.96 years and a mean body mass index (BMI) of 28.15 kg/m². The cohort consisted of
40 women and 39 men, who were randomly assigned to either the high-intensity interval
training (HIIT) group (n = 39) or the control group (n = 40).

All participants were residents of Bragança, Portugal, and were recruited through
outreach initiatives connected to local community programs and physical activity projects
promoted by the Polytechnic Institute of Bragança (IPB).

A detailed flowchart illustrating participant progression throughout the trial is pro-
vided in the Results section.

2.3. Eligibility Criteria

Individuals were eligible to participate if they were aged 65 years or older, lived inde-
pendently in the community, and had no physical or psychological conditions that could
compromise their ability to safely engage in training sessions or assessments. Participants
also needed to have adequate auditory and visual function and be able to perform daily
activities without the use of mobility aids. These criteria were adapted from previous HIIT
studies involving older adults [11–13].

Exclusion criteria included: being younger than 65 years of age; having diagnosed
medical or cognitive conditions that could interfere with participation; severe hear-
ing or visual impairments; and requiring assistive devices for walking or performing
daily activities.

2.4. Recruitment and Randomization

A convenience sampling strategy was employed. Participants were recruited through
community centers, senior associations, health promotion events, printed flyers, and social
media platforms. Random assignment to the HIIT or control group was performed using a
computer-generated simple randomization sequence in RStudio [23,24].

The randomization process was overseen by an independent researcher who was not
involved in participant recruitment or outcome assessments, thereby ensuring allocation
concealment and minimizing selection bias.

Written informed consent was obtained from all participants prior to their enrollment
in the study.
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2.5. Sample Size Calculation

The sample size was determined based on the primary outcome: the number of steps
completed in the 2-Minute Step Test (2MST). Drawing on data from previous studies [11], a
minimum clinically important difference of 15 steps and a standard deviation of 18 steps
were assumed.

For a repeated-measures ANOVA design (two groups, three time points), with a
significance level of α = 0.05 and a statistical power of 1 − β = 0.80, the minimum required
sample size was calculated to be 66 participants (33 per group).

To account for potential dropouts over the 65-week intervention period, the final
sample was increased to 79 participants. The calculation was performed using G*Power
software (version 3.1).

2.6. Procedures
2.6.1. Anthropometry

Body weight was measured to the nearest 0.1 kg using a calibrated digital scale
(SECA®, Hamburg, Germany), with participants wearing light clothing and no footwear.
Height was assessed using the stadiometer integrated into the scale, measuring the vertical
distance from the vertex of the head to the floor with a precision of 0.1 cm.

Body Mass Index (BMI) was then calculated using the standard formula: weight (kg)
divided by height squared (m2) [25,26]. BMI classification followed the World Health
Organization (WHO) guidelines (2010), defining normal weight as 18.50–24.99 kg/m2,
pre-obesity as 25.00–29.99 kg/m2, obesity class I as 30.00–34.99 kg/m2, and obesity class II
as 35.00–39.99 kg/m2 [27].

2.6.2. Assessment of Functional Fitness

Functional fitness was assessed using the Senior Fitness Test battery developed by Rikli
and Jones [28], a widely recognized tool specifically designed for older adults. This battery
evaluates key components of physical fitness, including muscular strength, flexibility,
agility, balance, and cardiorespiratory endurance. The testing protocol comprised the
following six components:

• Lower limb strength: Assessed using the 30 s Chair Stand Test, where participants
were instructed to stand up and sit down from a standard chair as many times as
possible within 30 s, with arms crossed over the chest. Only one trial was performed,
and the number of correct repetitions was recorded.

• Upper limb strength: Evaluated using the Arm Curl Test, in which participants
lifted a dumbbell (2.3 kg for females, 3.6 kg for males) with the dominant arm while
seated. The number of complete repetitions performed in 30 s was recorded. One trial
was conducted.

• Lower limb flexibility: Measured using the Chair Sit-and-Reach Test. Participants
extended one leg forward and reached toward the toes, holding the final position. The
best result from two attempts was recorded.

• Upper limb flexibility: Assessed using the Back Scratch Test, recording the distance
between the middle fingers of both hands placed behind the back. The best of two
trials was noted.

• Agility and dynamic balance: Evaluated with the Timed Up and Go (TUG) test.
Participants stood up from a chair, walked three meters, turned around, returned, and
sat down. The fastest time of two trials was recorded in seconds.

• Cardiorespiratory endurance: Assessed using the 2-Minute Step Test (2MST). Par-
ticipants marched in place for two minutes, raising their knees to a height midway
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between the patella and iliac crest. Only the number of times the right knee reached
the required height was counted. One trial was performed.

This battery has been consistently applied in prior research involving older adults to
assess functional capacity across various physical domains [29,30].

2.6.3. Handgrip Strength

In addition to the components of the Senior Fitness Test battery, handgrip strength
was assessed as a key indicator of overall muscular strength and functional status in
older adults. This measurement was performed using a calibrated digital dynamome-
ter (JAMAR® , Bolingbrook, IL, USA), following standardized procedures outlined in
international guidelines.

Participants completed the test in a seated position, with the elbow flexed at 90 degrees
and the forearm in a neutral position. They were instructed to squeeze the device with
maximum effort using their dominant hand, performing three attempts. The highest value,
expressed in kilograms, was used for analysis.

Handgrip strength is widely recognized as a simple, reliable, and predictive measure
of physical function and has been strongly associated with disability, fall risk, morbidity,
and mortality in older populations [31].

2.6.4. High Intensity Interval Training Program

The high-intensity interval training (HIIT) protocol was designed in accordance with
international guidelines for physical activity in older adults [32], with appropriate mod-
ifications to ensure safety and feasibility for this population. The intervention spanned
65 weeks, during which participants attended three 60 Min group-based sessions per week.
Each session followed a structured format, integrating intense cardiovascular efforts, active
recovery, and functional aerobic movements, as described below:

• Warm-up (10 min): Included joint mobility drills, dynamic stretching, and low-
intensity aerobic movements to gradually increase heart rate and prepare the body
for exercise.

• HIIT Core (30 min): Comprised repeated cycles of high-intensity functional move-
ments (30–60 s)—such as stationary marching, high knees, jumping jacks, butt kicks,
and modified burpees—interspersed with active recovery periods (60–90 s) using light
movements or slow-paced marching. Each session included 6 to 10 work-recovery
intervals, with progressive increases in volume and intensity throughout the program.

• Aerobic Functional Segment (10 min): Focused on reinforcing cardiovascular en-
durance through moderate-paced rhythmic movements and coordination tasks aimed
at improving agility and motor control. Exercises included step taps, lateral steps, and
multi-directional walking patterns.

• Cool-down (10 min): Consisted of static stretching for major muscle groups and
guided breathing exercises to support recovery and return to baseline.

All sessions were conducted by certified physiotherapists and exercise professionals,
with individualized modifications based on each participant’s functional capacity and
clinical status. The Borg Rating of Perceived Exertion (RPE 6–20 scale) was applied weekly
to monitor training load, targeting values between 13 And 17 during high-intensity bouts
and 9–11 during recovery periods [33].

The intervention was delivered in a shared community facility used for other physical
activity programs, with up to 50 participants per session. Despite the group setting,
participants received individualized guidance and supervision. Exercises were adapted as
needed based on mobility limitations, perceived exertion, and functional ability—through
modifications in range of motion, movement speed, balance support (e.g., chairs), and
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complexity. Although heart rate was not directly monitored, the RPE scale was used in
real-time during all sessions to adjust intensity and ensure safety, in line with prior HIIT
studies in older adults.

Participants in the control group were instructed to maintain their usual daily activities
and avoid starting any new structured exercise routines during the study period. They
did not receive any exercise supervision or counseling. To monitor compliance, monthly
check-in calls were made to document health status, protocol adherence, and any changes
in activity behavior. Control group participants remained in the final analysis unless they
engaged in other structured training programs during the intervention.

Adherence to the HIIT protocol was tracked through individual attendance logs
maintained by the instructors. A minimum participation rate of 70% of sessions was
required for inclusion in the final analysis. Participants who did not meet this criterion were
excluded to ensure that outcome measures reflected consistent exposure to the intervention.

2.6.5. Timeline of Assessments

The intervention and evaluation process was structured around three assessment
time points:

• M1 (PRE): Conducted prior to the initiation of the high-intensity interval training program.
• M2 (MID): Conducted at the midpoint of the 65-week intervention.
• M3 (POST): Conducted upon completion of the training program.

All assessments were administered at the same time of day as the baseline (M1) evalu-
ations, typically between 8:00 and 11:00 a.m., in order to ensure measurement consistency
and minimize the influence of circadian variation on physical performance.

2.7. Statistical Analyses

All statistical analyses were performed using RStudio (version 2024.09.0+375 [23,24].
Descriptive statistics, normality tests (Shapiro–Wilk and Levene’s) [34,35], and comparative
procedures were applied to evaluate differences across time and between groups. A
significance level of p < 0.05 was adopted for all statistical tests [36].

Given that most variables violated the assumptions of normality, a nonparametric
approach was applied to the entire dataset—including variables that initially exhibited nor-
mal distribution—following best practices for nonparametric inference [37]. The Brunner–
Langer nonparametric ANOVA was selected, as it is well-suited for repeated-measures
data with non-normal distributions and heterogeneous variances, conditions commonly
observed in older populations [38]. His model enables the analysis of main effects (group
and time) and their interaction (group × time) without relying on parametric assump-
tions. Analyses were conducted using the nparLD package in R, which provides both
ANOVA-Type Statistics (ATS) and Wald-Type Statistics (WTS).

To complement p-values, the Relative Treatment Effect (RTE) was calculated as a
nonparametric effect size measure. RTE reflects the probability that a randomly selected
observation from a given group will have a higher value than a randomly selected obser-
vation from the overall sample [39]. Values above 0.5 indicate a favorable effect relative
to the global distribution, thus enhancing the interpretability of treatment effects in a
distribution-free context.

When the Brunner–Langer model indicated a significant main effect or interaction,
post hoc pairwise comparisons were conducted to identify specific time points at which
differences occurred. These comparisons were implemented using the nparcomp and
multcomp packages in R, with appropriate corrections for multiple comparisons to ensure
statistical rigor and control for Type I error [40,41].
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This statistical strategy was chosen due to the longitudinal, nonparametric nature of
the dataset. The Brunner–Langer model is particularly appropriate for repeated-measures
designs in which normality assumptions are violated and where variance heterogeneity and
moderate sample sizes are present—scenarios frequently encountered in geriatric exercise
research. By allowing for robust inference without strict distributional assumptions, this
approach enhances both the validity and replicability of the findings and provides more
accurate estimates of intervention effects in heterogeneous older adult populations.

3. Results
Figure 1 presents the CONSORT flow diagram outlining participant enrollment, al-

location, follow-up, and analysis. A total of 79 individuals were enrolled and randomly
assigned to either the HIIT group (n = 39) or the control group (n = 40). All partici-
pants completed the baseline assessments, and retention was monitored throughout the
65-week intervention.

Figure 1. CONSORT diagram of the study.

Table 1 shows the main characteristics and composition of the sample between the
experimental group and the control group.



Appl. Sci. 2025, 15, 10745 8 of 15

Table 1. Descriptive statistics for group composition, age, and BMI.

Group (n) Age
(Mean ± SD) Median Min./Max.

Age
BMI

(Mean ± SD) Median Min./Max.
BMI p-Value

Control (40) 69.2 ± 4.3 70 62/76 28.8 ± 4.9
kg/m2 27.9 22.4/36.7 0.61

High Intensity
Interval

Training (39)
68.7 ± 5.1 69 60/78 27.5 ± 5.3

kg/m2 26.8 21.1/35.9 0.44

BMI (Body Mass Index); SD (Standard Deviation); Min (Minimum); Max (Maximum).

Throughout the 65-week intervention, perceived exercise intensity was monitored
weekly using the Borg Rating of Perceived Exertion (RPE) scale. Participants in the HIIT
group consistently reported values between 13 and 16 (mean: 14.2 ± 1.1) during high-
intensity intervals, and between 9 and 11 (mean: 10.0 ± 0.9) during active recovery phases.
These values confirm that the sessions were conducted within the intended intensity range,
ensuring the fidelity and safety of the HIIT protocol.

Table 2 presents the descriptive statistics (mean, median, SD, 95% CI, and RTE) of
functional fitness outcomes for both groups. RTEs reflect the probability that a randomly
selected participant from one group scores higher than a randomly selected participant
from the other group. Values above 0.50 indicate better performance in the HIIT group,
while values below 0.50 favor the control group. For most variables, the RTEs favored the
HIIT group, notably in lower-limb flexibility (RTE = 0.628), handgrip strength (RTE = 0.549),
and aerobic endurance (RTE = 0.570).

In addition to the descriptive differences between groups, inferential analyses were
conducted using the Brunner-Langer nonparametric model to assess the main effects of
group and time, as well as interaction effects for each functional variable.

Handgrip strength showed a significant group-by-time interaction (ATS = 10.50;
p < 0.001), although no main effects were detected. Post hoc comparisons did not con-
firm specific between-group differences, but a positive trend was observed in the HIIT
group, particularly at the post-intervention stage (M3).

Upper-limb flexibility (Back Scratch) also presented a significant group-by-time inter-
action (ATS = 21.89; p < 0.001). Despite the absence of significant post hoc contrasts, the
overall interaction suggests that the HIIT group experienced favorable changes over time
compared to the control group.

Aerobic endurance, measured by the 2-Minute Step Test, revealed significant group
(ATS = 5.20; p = 0.023) and interaction effects (ATS = 4.64; p = 0.019). RTE values confirmed
this trend, increasing in the HIIT group from 0.53 (M1) to 0.61 (M3), while declining in
the control group (0.46 to 0.41). At M3, the HIIT group outperformed the control group
(p = 0.025).

Lower-limb flexibility (Chair Sit and Reach) improved significantly in the HIIT group,
with main effects for group (ATS = 6.96; p = 0.008), time (ATS = 5.12; p = 0.006), and
interaction (ATS = 10.91; p < 0.001). Post hoc tests confirmed superior flexibility in the HIIT
group at M3 compared to the control group at M1, M2, and M3 (all p < 0.05), indicating
progressive improvements attributable to the intervention.

Upper-limb strength (Arm Curl) demonstrated robust improvements, with significant
main effects for group (ATS = 22.01; p < 0.001), time (ATS = 15.93; p < 0.001), and interaction
(ATS = 46.01; p < 0.001). Multiple contrasts confirmed progressive increases in the HIIT
group across all timepoints, with significantly higher values than the control group from
mid-intervention onward.
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Table 2. Descriptive statistics of functional fitness variables in the HIIT and Control groups.

Group (n) Variable
M1

Mean (±SD)
[CI 95%]

M2
Mean (±SD)

[CI 95%]

M3
Mean (±SD)

[CI 95%]
RTE

High Intensity
Interval Training (39) Back Scratch (cm) −2.44 (11.23)

[−6.08, 1.2]
0.56 (10.51)

[−2.84, 3.97]
2.67 (11.18)
[−0.95, 6.3] 0.53

Control (40) Back Scratch (cm) −1.79 (14.25)
[−6.34, 2.77]

−3.21 (14.29)
[−7.78, 1.36]

−4.81 (14.31)
[−9.39, −0.23] 0.48

High Intensity
Interval Training (39) Hand Grip (Kg) 24.69 (7.45)

[22.27, 27.1]
24.27 (6.95)

[22.02, 26.53]
25.63 (6.97)

[23.37, 27.89] 0.54

Control (40) Hand Grip (Kg) 22.79 (8.9)
[19.94, 25.63]

22.19 (8.94)
[19.33, 25.05]

21.58 (8.91)
[18.73, 24.43] 0.47

High Intensity
Interval Training (39) Arm Curl (reps) 21.92 (5.16)

[20.25, 23.6]
24.0 (4.48)

[22.55, 25.45]
27.05 (4.29)

[25.66, 28.44] 0.62

Control (40) Arm Curl (reps) 19.95 (5.38)
[18.23, 21.67]

19.42 (5.14)
[17.78, 21.07]

18.7 (5.12)
[17.06, 20.34] 0.40

High Intensity
Interval Training (39) 30s Chair Stand Reps 6.48 (1.24)

[6.02, 6.93]
6.47 (1.42)
[6.01, 6.94]

6.4 (1.11)
[6.03, 6.77] 0.52

Control (40) 30s Chair Stand Reps 9.81 (3.25)
[8.77, 10.85]

10.2 (3.26)
[9.15, 11.24]

10.46 (3.24)
[9.43, 11.5] 0.50

High Intensity
Interval Training (39)

2 Minutes Step Test
(reps)

26.08 (4.77)
[24.53, 27.62]

26.18 (5.11)
[24.52, 27.84]

26.74 (5.5)
[24.96, 28.53] 0.57

Control (40) 2 Minutes Step Test
(reps)

26.8 (7.19)
[24.5, 29.1]

26.02 (7.51)
[23.62, 28.43]

25.48 (7.61)
[23.04, 27.91] 0.42

High Intensity
Interval Training (39)

Chair Sit and Reach
(cm)

196.38 (40.65)
[183.21, 209.56]

202.79 (44.19)
[188.47, 217.12]

209.46 (42.8)
[195.59, 223.33] 0.58

Control (40) Chair Sit and Reach
(cm)

182.38 (50.33)
[166.28, 198.47]

179.15 (48.25)
[163.72, 194.58]

176.78 (47.05)
[161.73, 191.82] 0.43

High Intensity
Interval Training (39) TUG (s) −7.13 (12.4)

[−11.15, −3.11]
−6.25 (9.62)

[−9.37, −3.13]
−4.05 (10.07)

[−7.32, −0.79] 0.39

Control (40) TUG (s) −12.52 (12.93)
[−16.65, −8.38]

−12.96 (12.83)
[−17.06, −8.86]

−13.28 (12.79)
[−17.37, −9.19] 0.61

SD (Standard Deviation); CI (Confidence Interval); RTE (Relative Treatment Effect). Note: RTE (Relative Treatment
Effect) values are derived from the Brunner–Langer nonparametric model and represent the global probability of
the outcome favoring one group over the other across all timepoints (not specific to M1, M2, or M3). Values >0.50
favor the HIIT group, values <0.50 favor the Control group.

Lower-limb strength (Chair Stand) showed a significant group-by-time interaction
(p = 0.012), though post hoc comparisons did not reveal meaningful pairwise differences.
This interaction likely reflects minor fluctuations rather than clinically relevant changes.

Finally, functional mobility (TUG) improved significantly in the HIIT group, with
strong effects for group (ATS < 0.001) and interaction (ATS < 0.001). RTE values decreased
from 0.45 at M1 to 0.34 at M3, reflecting faster execution times, while the control group
worsened over time (0.56 to 0.64). Post hoc analyses confirmed significant differences
between groups at M3 and within the HIIT group between baseline and post-intervention,
supporting the positive impact of the program on mobility.

Figure 2 presents the distribution and evolution of all functional fitness outcomes
using violin plots overlaid with boxplots and individual data points for both groups
(HIIT and Control) at baseline (Pre), mid-point (Mid), and post-intervention (Post). The
violin shapes illustrate the distribution density of the data, while the boxplots indicate the
median and interquartile range (IQR). Individual dots represent raw participant scores,
allowing for visual inspection of intra-group variability. Statistical differences identified
in the nonparametric post hoc analyses are marked with asterisks (* p < 0.05; ** p < 0.01;
*** p < 0.001), highlighting significant changes over time within or between groups.
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Figure 2. Panels represent the following variables: (A) Handgrip strength, (B) Upper-limb flexibility
(Back Scratch), (C) Aerobic endurance (2-Minute Step Test), (D) Lower-limb flexibility (Chair Sit
and Reach), (E) Upper-limb strength (Arm Curl), (F) Lower-limb strength (30 s Chair Stand), and
(G) Functional mobility (TUG). Boxplots show median values and individual distributions per group
(HIIT vs. Control). * p < 0.05; ** p < 0.01; *** p < 0.001.

4. Discussion
The objective of this study was to investigate the medium- to long-term effects of

a 65-week high-intensity interval training (HIIT) intervention on multiple domains of
functional fitness in community-dwelling older adults. Using a pragmatic, field-based
approach, the study sought to evaluate the feasibility and real-world applicability of HIIT
performed without machines or specialized equipment.

The findings demonstrate that HIIT led to significant and clinically meaningful im-
provements in several physical fitness components, including upper- and lower-limb
strength, flexibility, aerobic endurance, and mobility. These effects were consistently sup-
ported by nonparametric longitudinal analyses (Brunner–Langer model) and Relative
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Treatment Effect (RTE) values, reinforcing the robustness of the results and their relevance
for functional autonomy in aging populations.

To our knowledge, this is one of the longest randomized controlled trials using HIIT in
older adults, offering novel insights into the sustainability and effectiveness of this training
modality over time.

For handgrip strength, a significant group-by-time interaction was identified (F = 3.66;
p = 0.05; η2 = 0.031), along with a significant main effect of time (F = 4.32; p = 0.036;
η2 = 0.036). Although post hoc comparisons did not yield statistically significant pairwise
differences, a progressive trend toward improved strength was observed in the HIIT
group, particularly at post-intervention (M3), with a mean increase of 4.43 kg in the
dominant hand. These findings are in line with prior evidence indicating the potential
of HIIT to enhance upper-limb muscle strength in older populations [42]. Notably, the
present results contrast with those of Ballesta-García et al. [43], who reported a modest
and non-significant increase (∆ = +0.6 kg; p = 0.397; d = 0.15) in handgrip strength using a
similar protocol. This discrepancy may be due to methodological differences, including the
longer intervention duration and the inclusion of up-per-limb dynamic movements in the
present study (e.g., jumping jacks, modified burpees), which likely provided neuromuscular
stimulation even in the absence of resistance-specific exercises.

Regarding upper-limb flexibility, measured using the Back Scratch test, participants in
the HIIT group showed an average increase of 2.27 cm from M1 to M3, accompanied by a
significant interaction between group and time (ATS = 10.91; p < 0.001), as well as main
effects for group (p = 0.008) and time (p = 0.006). These findings support the hypothesis
that dynamic multicomponent HIIT can enhance joint range of motion, even in the absence
of isolated stretching protocols. Similar results were reported by Santos Villafaina et al. [44]
(d = –0.768) and Duan et al. [45], who found large effect sizes favoring HIIT in scapular
mobility. The present findings reinforce the notion that integrated, full-body functional
movements can yield relevant flexibility gains.

In terms of aerobic capacity, as measured by the 2 Min step test, the HIIT group
improved by an average of 20.5 steps (from 83.1 ± 17.8 to 103.6 ± 9.6), with significant
main effects for time (p = 0.018) and group (p = 0.020), although the interaction term was
not statistically significant (p = 0.59). These results align with those of Schneider Et Al. [46],
who observed similar gains using a multicomponent training approach, as well as with
Ballesta-García et al. [43], who reported a significant increase of 36 m in the 6 min walk test
in their HIICT (High-Intensity Interval Circuit Training) group. Despite methodological
differences between tests, the collective findings highlight the potential of HIIT to improve
cardiovascular fitness in older adults.

Lower-limb flexibility, assessed via the Chair Sit and Reach test, also improved signif-
icantly in the HIIT group (mean increase of 9.91 cm; p = 0.008; d = –0.884). This result is
particularly notable given the baseline limitations observed in this domain. These findings
are in agreement with studies that implemented structured flexibility routines [47], although
the present study achieved comparable outcomes through dynamic and functional exer-
cises. The integration of rhythmic, large-amplitude movements may have facilitated gains
in muscle extensibility and joint mobility, supporting the use of multimodal approaches
over isolated stretching.

Regarding upper-limb strength, the Brunner-Langer analysis revealed strong effects
for group (ATS = 22.01; p < 0.001), time (ATS = 15.93; p < 0.001), and interaction (ATS = 46.01;
p < 0.001), indicating robust and progressive improvements in the HIIT group from M1 to
M3. These results corroborate previous findings by Bottaro et al. [48], who demonstrated
significant strength increases in older men using high-velocity resistance training. While the
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present protocol did not involve traditional resistance exercises, the intensity and repetition
inherent in the HIIT structure appear to have elicited functional strength adaptations.

Conversely, the 30 s chair stand test for lower-limb strength showed a significant
interaction effect (p = 0.012), but post hoc tests did not identify specific time points with
statistically significant changes (all p > 0.95). This suggests that although the overall pattern
differed between groups, individual contrasts lacked sufficient magnitude to be clinically
meaningful. These findings diverge from those of Duan et al. [45], who observed clearer
improvements in lower-body strength, potentially due to differing emphasis on lower-limb
targeting within protocols.

Finally, the Timed Up and Go (TUG) test revealed significant improvements in the
HIIT group, evidenced by a strong group-by-time interaction (p < 0.001) and group effect
(p < 0.001), with no time effect alone (p = 0.79). Progressive reduction in execution time
(RTE: 0.45 to 0.34) suggests enhanced mobility and agility, while the control group showed
a decline. These trends were confirmed by post hoc analyses and align with the findings
of Khushnood et al. [49], who also reported a significant interaction effect for TUG, albeit
without within-group significance. Collectively, these results underscore the potential of
HIIT to reverse or mitigate functional decline in mobility among older adults.

Despite its methodological rigor, this study has some limitations that warrant consider-
ation. The use of a non-probabilistic sample composed of independently living, physically
active older adults may restrict the applicability of the results to more vulnerable or frail
populations or to different sociodemographic contexts. Additionally, while randomization
and assessor blinding helped minimize bias, the lack of participant blinding may have
introduced performance bias, particularly in self-reported outcomes. Furthermore, sponta-
neous physical activity among control group participants was not fully controlled during
the 65-week period, potentially influencing between-group comparisons. Finally, while
the sample size was sufficient to detect moderate effects, the study may have lacked the
statistical power to identify smaller or domain-specific changes.

Despite these limitations, the study presents several strengths that reinforce the
relevance and robustness of its findings. First, the intervention was conducted over a
65-week period, representing one of the longest HIIT protocols implemented in com-
munity-dwelling older adults within a randomized controlled trial. Second, the use of a
nonparametric longitudinal model (Brunner–Langer) ensured appropriate handling of the
data distribution, enhancing the validity of statistical inferences. Third, the inclusion of a
well-defined control group and the use of standardized assessments of functional fitness
ensured methodological rigor and reproducibility. Finally, exercise intensity was carefully
monitored throughout the intervention using the Borg RPE scale, confirming adherence to
HIIT intensity targets and ensuring both safety and fidelity of the sessions. These strengths
contribute to the practical applicability and scientific value of the present study.

Overall, this trial demonstrates that a long-term, group-based HIIT proto-col—structured
around dynamic, full-body movements—can lead to clinically meaningful improvements
in multiple aspects of functional fitness in older adults. These benefits were achieved
without the need for resistance machines or isolated flexibility training, highlighting the
feasibility, adaptability, and efficacy of HIIT in real-world community settings.

5. Conclusions
This randomized controlled trial suggests that high-intensity interval training (HIIT)

may be an effective and safe approach to improve specific domains of functional fitness
in community-dwelling older adults. Notably, participants in the HIIT group showed
significant improvements in upper-limb strength, lower-limb flexibility, and functional
mobility compared to the control group. Although trends toward improvement were
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observed in other outcomes, such as handgrip strength and lower-limb strength, these did
not consistently reach statistical significance.

From a practical perspective, the findings support the implementation of HIIT as a fea-
sible and low-cost intervention for promoting physical function in older adults, especially in
community settings with limited access to equipment or structured exercise programs. The
use of bodyweight and functional movements, along with perceived exertion monitoring,
makes this protocol adaptable and scalable.

Future research should investigate the applicability of this protocol in more diverse
and frail populations, explore longer-term adherence and health outcomes, and incorpo-
rate additional physiological markers to better understand the mechanisms underlying
functional improvements.
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