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Abstract

Purpose This study evaluated the influence of physical activity (PA) on the retention of body composition effects achieved
through a 16-week high-speed resistance training (HSRT) program over a 1-year follow-up period.

Methods Forty independent older adults participated in the supervised 16-week HSRT program. After the intervention ended,
participants were encouraged to maintain high PA levels. At the 1-year follow-up, 36 participants completed the assessments
and were divided into the light activity group (LAG, N=20, age 70.00 +3.66 years) and the moderate-to-vigorous activity
group (MVAG, N= 16, age 68.50 +2.09 years). Body composition (InBody® S10), PA levels (International Physical Activity
Questionnaire), and anthropometric measurements were assessed at four time points.

Results Significant time effects were observed for several body composition parameters over the 1-year follow-up period,
with large effect sizes. Specifically, MVAG revealed significant declines in weight (p =0.002, d,,,, =—0.22), body mass index
(p=0.002, d,,,=—0.30), and fat mass (%) (p=0.028, d,,,, =—0.30) from post-intervention to the 1-year follow-up. Conversely,
LAG demonstrated significant reductions in fat-free mass (p =0.018, d,,,, =—0.14), muscle mass (p=0.010, d,,,,=—0.15),
and lean mass (p=0.014, d,,;,,= —0.14) from pre-intervention to the 6-month follow-up (p <0.001, d,,,,=—0.18), with body
cell mass also presenting significant declines from post-intervention to the 1-year follow-up (p=0.035, d,,,, =—0.13). Despite
an overall decline, PA remained relatively higher than pre-intervention, particularly for total weekly activity (minutes) and
energy expenditure from moderate-to-vigorous PA.

Conclusions This study highlights the benefits of engaging in at least moderate PA activities for retaining the effects achieved
on a previous exercise program, particularly reductions in fat mass.
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Abbreviations ICW Intracellular water

BMI Body mass index Kg Kilograms

BIA Bioelectrical impedance analysis LAG Light activity group

ESs Effect sizes L Liters

ECW Extracellular water MVAG Moderate-to-vigorous activity group
HSRT  High-speed resistance training MVPA  Moderate and vigorous physical activity
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IPAQ  International physical activity questionnaire
PA Physical activity

RT Resistance training

TBW Total body water

Introduction

The aging process is characterized by natural and progres-
sive cellular impairments across various tissues, which con-
tribute to a gradual decline in overall physiological function
[1]. These age-related impairments include loss of muscle
mass and strength, an increase in fat mass, and reduced
levels of physical activity (PA), all of which accelerate the
decline in functional capacity and increase vulnerability to
weakness and frailty [2—4].

To counteract these age-related changes, several studies
have demonstrated the effectiveness of resistance training
(RT) programs, including both traditional and high-speed
resistance training (HSRT), in older populations [5-7].
Key findings from these RT studies include reductions in
fat mass [5, 7-13], muscle mass increases [10, 12, 14], and
protective effects on phase angle [5, 14], a parameter derived
from bioelectrical impedance analysis (BIA) [15], which has
been considered a functional mark of the cell’s health and
mass [16]. However, most studies indicate that these benefits
gradually disappear once the program ends [5-7, 9-12]. For
example, Krémar et al. [12] conducted a 12-week RT pro-
gram followed by a 12-week detraining period, whose par-
ticipants experienced a 1.6% loss in muscle mass and a 2.8%
increase in fat mass. For this reason, Dos Santos et al. [5]
recommend continuous monitoring and follow-up to ensure
the long-term effectiveness of RT interventions.

Despite this, the evidence regarding the effects of exercise
cessation among older people is still limited. Few studies
have examined the long-term effects of exercise programs
using more than one assessment point over a 12-month fol-
low-up period [11]. Importantly, to our knowledge, most
studies on long-term effects have limited participants’ usual
PA levels or have advised against starting new exercise pro-
grams following the intervention ceased [8, 11, 17].

Previous research has shown that moderate PA levels and
regular participation in exercise programs positively impact
daily functioning in older adults [18, 19] and may prevent
or delay muscle mass decline [20]. Unfortunately, the ces-
sation/interruption of community-based programs is often
inevitable [11]. Hence, researchers should adopt a proac-
tive approach, encouraging participants to maintain active
lifestyles post-intervention to prevent a return to sedentary
behaviors, which respond to ethical concerns [21]. There-
fore, this study aimed to examine how different levels of PA
(light vs. moderate-to-vigorous) influence the body composi-
tion parameters’ effects achieved through a 16-week HSRT
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program over a 1-year follow-up period. As a secondary
aim, PA levels were also evaluated throughout the follow-
up period.

Methods
Study design

This longitudinal study is a secondary analysis of the “Idade
Activa” research project, registered on clinicaltrials.gov (ID:
NCTO05586087). The study adheres to the principles of the
Declaration of Helsinki and has received ethical approval
from the local university’s Ethics Committee (no. 22030).
All participants were thoroughly informed about the study’s
objectives, potential benefits, and risks and provided written
informed consent.

Previously, this research employed a parallel two-group
clinical trial design over 16 weeks of a HSRT program, with
the results published elsewhere [14]. From that study, only
participants from the intervention group were included.
Participants from the control group were excluded, as they
either began new exercise programs or participated in other
research projects after the intervention, making them ineli-
gible for the long-term follow-up analysis related to the
original study.

The participants included in this study were assessed at
four time points: pre- (MO0), post-intervention (M1), and
6 months (M2) and 1 year (M3) following the HSRT pro-
gram. The committee recommended encouraging interven-
tion group participants to maintain PA levels and further
analyzing how different levels of PA influenced the effects
of the 16-week HSRT program. Consequently, these partici-
pants were encouraged to sustain high levels of PA and were
allowed to start new exercise programs without restriction.

Participants

This study analyzed participants who successfully completed
the 1-year follow-up assessment. The final sample consisted
of 36 independent older adults (age, 69.33 +3.12 years) who
had previously undergone a 16-week HSRT program and
underwent all assessments at each time point. Based on their
PA levels measured using the International Physical Activity
Questionnaire—Short Form (IPAQ-SF) at the 1-year follow-
up, participants were further divided into two groups: the
light activity group (LAG, N=20, age, 70.00 +3.66 years)
and the moderate-to-vigorous activity group (MVAG,
N=16, age, 68.50+2.09 years). To enhance methodol-
ogy transparency, we have included a supplementary Excel
spreadsheet from Cheng [22], which provides anonymized
participant responses across the four assessment time points
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(MO, M1, M2, and M3) along with the established criteria
for defining PA levels.

Participants met the following inclusion criteria: (a) being
at least 65 years old; (b) being able to walk independently;
and (c) performing daily living tasks. Exclusion criteria
included a diagnosis of diabetes or cardiac disease, recent
surgery within the past 6 months, or an active oncological
condition.

Measurements

Anthropometric and body composition assessments were
carried out during the morning hours (8:30-10:30 a.m).
Participants were instructed to fast for a minimum of
eight hours prior to testing, to ensure they had emptied their
bladders, and to refrain from engaging in PA or consuming
alcohol and caffeine within the preceding 24 h. To main-
tain consistency and minimize variability, all measurements
were administered by the same trained researcher, following
a standardized protocol for every individual.

Bioelectrical composition

The InBody® S10 (Model IMW 140, Biospace Co., Ltd.,
Seoul, Korea), a multifrequency, tetrapolar bioelectrical
impedance analyzer, was used to evaluate the body compo-
sition, in accordance with the manufacturer’s instructions
[23] and has been used in several previous studies [24-31].

Unlike traditional BIA devices that rely heavily on popu-
lation-based prediction equations, the InBody S10 captures
direct impedance values across five distinct body segments
(arms, legs, and trunk) [32]. By evaluating electrical resist-
ance across these segments at multiple frequencies, the
device differentiates between fat mass, lean mass, water
compartments, and other body compartments with improved
accuracy. BIA assesses body composition by detecting dif-
ferences in tissue conductivity, which vary according to
water and electrolyte content, properties that are typically
lower in fat tissue compared to muscle [25, 32].

Before the assessment, all metallic accessories were
removed, and the electrode sites were cleaned using ethyl
alcohol and cotton to ensure optimal conductivity. Partici-
pants were then instructed to lie in a supine position in a
quiet environment for approximately 10 min to stabilize
body fluids. Subsequently, eight electrodes were placed on
standardized anatomical sites (thumbs, middle fingers, and
ankles of both hands and feet), in order to enable multi-
segmental BIA. This procedure was conducted following
the manufacturer’s guidelines, which specify that segmental
analysis using the InBody system minimizes cross-influence
between body segments, thereby improving measurement
precision.

Additionally, the device performed a total of 30 imped-
ance readings at six distinct frequencies (1, 5, 50, 250, 500,
and 1000 kHz) across five body segments: the right and
left arms, trunk, and right and left legs. Additionally, 15
measurements of reactance and phase angle were obtained
at three frequencies (5, 50, and 250 kHz) for the same seg-
ments. The following parameters were measured: (i) body fat
(%); (ii) fat mass (kg); (iii) fat-free mass (kg); (iv) skeletal
muscle mass (kg); (v) lean mass (kg); (vi) body cell mass
(kg); (vii) phase angle (°); (viii) total body water (TBW)
(L); (ix) intracellular water (ICW) (L); and (x) extracellu-
lar water (ECW) (L). Phase angle was measured, although
only the data corresponding to the 50 kHz frequency were
presented according to previous studies [24, 25, 32]. The
manufacturer’s guidelines for interpreting each parameter
are available elsewhere [33].

Physical activity

Participants’ PA levels were assessed using the IPAQ-SF
[34, 35]. The IPAQ-SF collected data on total activity days
and minutes per week and detailed PA indicators, includ-
ing total PA (sum of walking, moderate, and vigorous
MET-min/week), moderate and vigorous physical activity
(MVPA) scores, walking, moderate and vigorous activity
rates in MET/minute/week and sitting time during the week
or weekend.

Based on their responses, which are presented in the sup-
plementary Excel spreadsheet developed by Cheng [22], par-
ticipants were categorized into light, moderate, or vigorous
activity levels (Table A in the supplementary file). In addi-
tion, participants were asked to report the main activities
they had carried out in the last six months (i.e., from 6- to
12-month follow-up) [Table B in the supplementary file].

Anthropometric

Anthropometric assessments included measuring weight and
height by an electronic scale (Tanita®, MC 780MA, Amster-
dam, Netherlands) and a stadiometer (SECA® 220, Ham-
burg, Germany), which are accurate to 0.01 kg and 0.1 cm,
respectively. The participants were required to wear light
clothing and no shoes. Body mass index (BMI) was sub-
sequently calculated via the standard formula: BMI=body
mass (kg)/height2 (m?).

High-speed resistance training protocol

The intervention is described in detail elsewhere [14]. In
brief, the HSRT intervention was implemented three times
per week over a 16-week period, with all sessions super-
vised. The exercise prescription was updated biweekly.
Each session included a warm-up phase (10-15 min), a
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fundamental phase (45-55 min), and a cool-down phase
(5—10 min). The main training segment incorporated both
upper and lower body exercises, such as squats (using either
a Smith machine or dumbbells based on individual capabil-
ity), leg press, leg extension; calf raise; seated row; peck fly;
lat pull down; and incline bench press (Technogym, SPA,
Cesena, Italy).

Progressive loading was based on the average concen-
tric velocity across sets, personalized for each participant
and exercise [36, 37]. During the initial phase (weeks 1-4),
training targeted starting strength with concentric veloci-
ties exceeding 1.3 m/s. From weeks 5 to 10, velocity was
reduced to the 1.3—1.0 m/s range (speed/strength), and in
the final phase (weeks 11-16), it ranged between 1.0 and
0.75 m/s (strength/speed). The mean concentric phase veloc-
ity for each set and exercise was tracked using a BEAST™
inertial sensor (Beast Technologies, Brescia, Italy) [38],
which provided real-time feedback to both participants and
supervisors, and displayed the average concentric velocity
after each set.

Six accelerometers were used simultaneously, each con-
nected to a separate smartphone via Bluetooth. Participants
were also instructed to perform the concentric phase of each
repetition as fast as possible, while controlling the eccentric
phase over 2-3 s.

Statistical analysis

Data were analyzed using SPSS software (version 26, IBM
Corp., Armonk, NY, USA), with a significance threshold
of p <0.050 (two-tailed). Alongside traditional null hypoth-
esis significance testing, an estimation-focused approach was
applied [39, 40]. Prior to data collection, a power analysis
using G-power software (University of Dusseldorf, Ger-
many) determined the required sample size based on the
following parameters: repeated measures ANOVA for

Table 1 General characteristics of the sample (mean + SD)

within—between interaction, effect size f=0.25, a=0.05,
power =0.80, two groups, and four measurement points.
The resulting power analysis indicated that a minimum of
24 participants was necessary to achieve approximately 82%
power for rejecting the null hypothesis.

Repeated-measures ANOVA were used to assess changes
over time for each outcome under study. Pairwise compari-
sons between time points and between groups were con-
ducted using Bonferroni adjustments. Effect sizes (ESs) for
pairwise comparisons were calculated using Cohen’s dp:.ccq
(d,p) through a specific spreadsheet [39], and classified as
trivial (<0.20), small (0.20-0.49), medium (0.50-0.80), or
large (>0.80) [41]. In addition, the ESs for the ANOVA
were expressed as partial eta squared (npz) and interpreted
as small (0.010-0.059), medium (0.060-0.140), or large
(>0.140) [41].

Results
Participants

The participants’ ages are shown in Table 1. Several signifi-
cant differences were detected over the study period.

Body composition

Table 2 presents the changes in body composition param-
eters across the four measurement points. Overall, all param-
eters exhibited a significant time effect, with large ESs
observed throughout the study period.

Table 2 also presents that there were no significant dif-
ferences between groups. Additionally, several significant
within-group differences were observed across multiple time
points and measures.

Measures Groups Intervention Follow-up Time effect Interaction effect Interaction effect
within groups between groups
MO M1 M2 M3
Pre Post 6 Months 12 Months
Age (years) LAG*™edel 6855+352 69.15+3.57 69.45+3.52 70.00+3.66 F=130.500¥ F=3.855¥% F=1.988
MVAGP®4¢  67.314£2.06 67.50+2.09 68.19+2.01 68.50+2.09 P <0.001 p=0.026 p=0.168
n,=0.793§  5,7=0.102* n,>=0.055#

Significant differences between periods are highlighted in bold (» <0.05)

LAG, light activity group; MVAG, moderate-to-vigorous activity group; Kg, kilograms; BMI, body mass index; m, meters

¥, Greenhouse—Geisser correction

apre-intervention vs. post-intervention, pre-intervention vs. 6-month follow-up, °pre-intervention vs. 12-month follow-up, Ypost-intervention vs.
6-month follow-up, ®post-intervention vs. 12-month follow-up, ‘6-month follow-up vs. 12-month follow-up

npz values thresholds

#small effect: 0.010 to 0.059, *medium effect: 0.060 to 0.140, §large effect large: > 0.140
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Table 2 Changes in body composition parameters effects over the study period

Measures Groups Intervention Follow-up Time effect Interaction Interaction
MO M v N3 effect within effect between
Pre Post 6-Month 12-Month groups groups
Weight (kg) LAG 67.89+10.48 67.93+11.37 66.64+11.51 66.59+11.01 F=13.644¥ F=2.756¥ F=0.013
MVAG®*® 68.68+11.39 67.52+£11.90 66.32+12.00 64.79+11.89 P§0-001 P70-068 pj0,908
TSPede 682441074 67.75+11.44 6649+ 11.57 65.79+11.28 " = 02863 ,"=0075% — 1,7=0.001
BMI (kg/m?) LAG 27324432 27314451 2675+447 26.68+4.24 F=14938¥ F=2522¥ F=0.110
MVAGP®® 28.26+3.57 27.76+3.78 27.26+3.88 26.58+3.68 P§0-001 P70-086 P70-742
TSPede 27744398 27.5144.15 2698+4.17 2664+394 o =008 1,7=0069%  ,7=0.003
Fat mass (%) LAG 38.11+7.61 37.78+6.66 38.16+7.32 37.45+6.86 F=6.872¥ F=3.022¥ F=0.118
MVAG®®! 40.08+5.89 38.82+6.01 38.61+5.78 36.94+5.77 Pj0-001 p?0.044 pj0.734
TS of 38.98+688 3824+631 38364659 37224631 [p —0-168% 1,7=0.082% " 5,7=0.003
Fat mass (kg) LAG 26.36+837 26.07+7.88 25924842 2535+7.69 F=9.124¥ F=2.764¥ F=0.001
MVAG®®® 27.63+6.88 2642+6.74 25.87+693 24.13+6.29 P§0-001 pj0~066 p70~972
TSPCC  269347.66 26224729 2589+7.68 24814704 ' 02128 my=0075% - n,7=0.001
Fat-free mass (kg) LAGP® 41544529 41.87+6.02 40.73+591 4124+6.03 F=6920 F=0.575 F=0.071
MVAG ~ 40.83+7.39 41.10£7.50 40.45+7.00 40.66+7.60 P<0001 — p=0633 p=0.792
TS 41224623 41534663 40604632 4098+668 o 01698 m,=0017# - ,7=0.002
Muscle mass (kg) LAGP? 22604324 22.75+3.67 22.05+3.58 2237+3.68 F=7944  F=0.447 F=0.052
MVAG!  2220+4.53 2239+4.54 21.92+420 2206+457 p<0.001 — p=0720 p=0.821
TSPAe 22424381 22594402 21994381 2223+404 o —01898 5,7=0013% - ,7=0.002
Lean mass (kg) LAGP  39.22+5.02 39.52+572 3842+559 38904573 F=6.821 F=0.645 F=0.068
MVAG ~ 3856+7.04 3878+7.15 38.19+6.68 3836724 P<0.001 — p=0.588 p=0.796
TS 38934592 39.194631 38324601 38664635 ' 01678 7,7 =0019% - n,7=0.002
Body cell mass (kg) LAG™®  26.83+3.47 27.30+3.89 2640+392 26.77+4.05 F=11.179 F=0.612 F=0.033
MVAG!  26.68+4.83 26.87+491 2627+461 2643x502 P<0.001 — p=0.609 p=0.856
TSPde 26764406 27.11+4.62 2634418 2661+4.44 o —0-2478 1, =0.018%  ,7=0.001
Phase angle (°) LAG 554+0.72 5524067 5374070 539+0.76 F=3205 F=0.136 F=0.258
MVAG 5.60+047 5.61+048 548+043 5534049 P70-026 p=0.938 p=0.615
TS 5564062 5564059 5424059 5464065 ' —0-086% 1,7=0004 1, =0.008
TBW (L) LAG™  30.55+3.89 30.81+4.44 29.97+434 3035+4.43 F=6928  F=0.499 F=0.070
MVAG  30.04+549 3026+5.55 29.76+5.18 29.90+5.62 P§0-001 p70-684 pj0.793
TShd 30324461 30564489 2088+4.66 30.15+4.92 'p ~0-1698 m, =001 - ,7=0.002
ICW (L) LAG™  18.84+249 18.99+2.81 1843+2.75 18.69+2.83 F=8744  F=0.441 F=0.044
MVAG?  18.60+3.42 18.71+£3.48 18.34+3.22 18.44+3.51 P§0-001 p70-724 pj0-835
TShde 18734289 1886+3.08 18394292 18.58+3.10 ' —0-205% 7,7 =0013#  5,7=0.001
ECW (L) LAGH 11.71+145 11.82+1.66 11.55+1.62 11.66+1.64 F=3.611 F=0.396 F=0.112
MVAG  11.48+2.04 11.56+2.08 11.42+1.97 11.46+2.12 P?O-Olﬁ p70‘756 pj0.740
TS¢ 1161£172 11704184 11494176 1157185 o 009" 1, =0012% — 7,7=0.003

Significant differences between periods are highlighted in bold (p <0.050)

LAG, light activity group; MVAG, moderate-to-vigorous activity group; TS, total sample; kg, kilograms; m, meter; %, percent; °, degrees; L, lit-
ters; TBW, total body water; ICW, intracellular water; ECW, extracellular water

¥, Greenhouse—Geisser correction

3pre-intervention vs. post-intervention, °pre-intervention vs. 6-month follow-up, “pre-intervention vs. 12-month follow-up, dpost-intervention vs.
6-month follow-up, °post-intervention vs. 12-month follow-up, '6-month follow-up vs. 12-month follow-up

npz values thresholds
#small effect: 0.010 to 0.059, *medium effect: 0.060 to 0.140, §large effect large: >0.140
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For weight, only the MVAG demonstrated significantly
lower values at the 6-month (p=0.007, d,,=—0.19 [-0.34
to —0.06]) and at the 12-month follow-ups (p =0.001,
dypy=—0.32 [-0.54 to —0.12]) compared to pre-interven-
tion. Moreover, weight at the 12-month follow-up was signif-
icantly lower than post-intervention (p=0.002, d,,,=—0.22
[—0.38 to —0.07]). Similarly, BMI showed significant reduc-
tions only in the MVAG, with significantly lower values
at the 6-month (p=0.007, d;,=—0.25 [-0.45 to —0.08])
and at the 12-month follow-ups (p=0.001, 4, =—0.44
[—0.75 to —0.17]) compared to pre-intervention. BMI at the
12-month follow-up was also significantly lower than post-
intervention (p =0.002, d,;,=—0.30 [-0.52 to —0.11]).

For fat mass (%), the MVAG demonstrated significantly
lower values at the 12-month follow-up compared to pre-
(»p=0.002, d,,,,=—0.51 [-0.92 to —0.14]) and post-interven-
tion (p=0.028, d,;,, = —0.30 [-0.61 to —0.02]). The MVAG
also presented significantly lower values at the 12-month
follow-up compared to the 6-month follow-up (p =0.048,
d oy =—0.27 [-0.54 to —0.03]). Furthermore, fat mass (kg)
for the MVAG demonstrated significantly lower values at
the 6-month (p =0.030, d,,;, =—0.24 [-0.47 to —0.03]) and
at the 12-month follow-ups (p=0.002, d,,=-0.51 [-0.91
to —0.15]) than pre-intervention. Additionally, fat mass (kg)
showed significantly lower values at the 12-month follow-
up compared to post-intervention (p =0.008, d,,,=—0.33
[-0.63 to —0.07]).

In contrast, for fat-free mass, only LAG showed signifi-
cantly lower values at the 6-month follow-up compared to
pre- (p=0.018, d,,,,=—0.14 [-0.25 to —0.03]) and post-
intervention (p <0.001, d,;, =—0.18 [-0.29 to —0.09]). For
muscle mass, both groups exhibited significantly lower val-
ues at the 6-month follow-up compared to post-intervention
(LAG: p<0.001, d,,,=—0.19 [-0.29 to —0.09]; MVAG:
p=0.029, d,,=—0.10 [-0.18 to —0.03]). LAG values
were also significantly lower at the 6-month follow-up com-
pared to pre-intervention (p=0.010, d,,, =—0.15 [-0.27 to
—0.05]). For lean mass, only LAG exhibited significantly
lower values at the 6-month follow-up than pre- (p=0.014,
dyp,=—0.14 [-0.26 to —0.04]) and post-intervention
(p<0.001, d,,=—0.19 [-0.29 to —0.09]).

For body cell mass, both groups displayed significantly
lower values at the 6-month follow-up compared to post-
intervention (LAG: p<0.001, d,,;,,=—0.22 [-0.34 to —0.12];
MVAG: p=0.006, d,;,=—0.12 [-0.20 to —0.05]). The
LAG values were also significantly lower at the 12-month
follow-up than post-intervention (p=0.035, d,,,,=—0.13
[—0.24 to —0.03]). For TBW, LAG presented significantly
lower values at the 6-month follow-up compared to pre-
(»=0.023, d;;,;, =—0.13 [-0.25 to —0.03]) and post-inter-
vention (p <0.001, d,, =—0.18 [-0.29 to —0.09]). For ICW,
both groups demonstrated significantly lower values at the
6-month follow-up compared to post-intervention (LAG:
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p<0.001, d,,, =—0.19 [-0.30 to —0.10]; MVAG: p=0.029,
dyp=—0.10 [-0.19 to —0.03]). In addition, the LAG showed
significantly lower values at the 6-month follow-up com-
pared to pre-intervention (p=0.009, d,, =—0.15 [-0.27 to
—0.05]). Finally, for ECW, LAG showed significantly lower
values at the 6-month follow-up than post-intervention
(p=0.006, d,,;, =—0.16 [-0.27 to —0.06]).

Physical activity

Table 3 presents the differences in IPAQ-SF scores across
the four measurement points. Overall, most parameters
declined over the follow-up period but remained higher at
the 6-month and 12-month follow-ups compared to pre-
intervention. Additionally, several significant between-group
differences were observed at the 12-month follow-up: total
activity (days) (p <0.001, d,,=3.02 [2.09 to 4.06]), total
activity in minutes per week (p <0.001, d,,,=1.30 [0.59 to
2.05]), MVPA (p<0.001, d,,, =2.18 [1.37 to 3.06]), walk-
ing activity (p=0.033, d,;,=0.73 [0.06 to 1.42]), and sitting
time (p=0.009, d,,,,=—0.90 [-1.61 to —0.22]).

Regarding within-group differences, for total activity in
days, only LAG showed significantly higher values at post-
than pre-intervention (p =0.002, d ,,,=1.08 [0.42 to 1.79]),
significantly lower values at the 12-month follow-up com-
pared to pre-intervention (p <0.001, d,,, =—1.33 [-2.08 to
—0.67]), significantly lower values at the 6-month (»p =0.050,
dyy=—0.83 [-1.54 to —0.18]) and 12-month follow-ups
than post-intervention (p <0.001, d,,,,=—3.67 [-5.16 to
—2.45]), and significantly lower values at the 12-month
than 6-month follow-up (p <0.001, d,,,=—-1.51 [-2.36
to —0.76]). Additionally, for total activity in minutes per
week, both groups demonstrated significantly higher values
at post- than pre-intervention (LAG: p<0.001, d,,,=1.58
[0.89 to 2.37]; MVAG: p<0.001, d,,,=2.02 [1.10 to
3.12]), and significantly lower values at the 6-month (LAG:
p<0.001, d,,, =—1.84 [-2.78 to —1.03]; MVAG: p=0.003,
dyp=-1.29 [-2.24 to —0.46]) and 12-month follow-
ups than post-intervention (LAG: p <0.001, d,,,=-2.36
[-3.39 to —1.50]; MVAG: p=0.004, d,,, =—1.14 [-1.98
to —0.39]).

For MVPA, both groups presented significantly higher
values at post- than pre-intervention (LAG: p <0.001,
dyp=73.44 [2.32 to 4.82]; MVAG: p<0.001, d,,,=3.29
[2.14 to 4.79]), and significantly lower values at the 6-month
(LAG: p<0.001, d,,,=—2.54 [-3.67 to —1.60]; MVAG:
p<0.001, d,,,=—2.87 [-4.24 to —1.77]) and 12-month
follow-ups (LAG: p<0.001, d,,, =—4.45 [-6.19 to —3.05];
MVAG: p<0.001, d,,=—1.74 [-2.83 to —0.78]) than post-
intervention. In addition, MVAG also exhibited significantly
higher values at the 12-month follow-up than pre-interven-
tion (p=0.001, d,,,=1.18 [0.31 to 2.15]) and the 6-month
follow-up (p=0.023, d,;,=0.92 [0.17 to —1.73]). Lastly, for
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Table 3 Changes in physical activity over the study period

Measures  Groups Intervention Follow-up Time effect Interaction Interaction
effect within effect between
MO Mi M2 M3 aroups aroups
Pre Post 6-Month 12-Month

Total LAGHcdef 5.35+2.01 6.95+0.22 5.70+2.03 290+148F  F=14403¥  F=15512¥  F=10.654
activity - pyaG 5.75+1.88 6.88:+0.50 556175 6.62+072  P<0001 p<0.001 p=0.003
(days) ad n,2=0298§  5,=0313§  n,>=0.239§

TS 5.53+1.93 6.92+0.37 5.64+1.89 456+2.22

Total LAG 71.25+42.36 131.25+29.46 65.75+38.33 5425+33.02%  F=29.331 F=3.009 F=6.602
activity — ppypGede 74.3829.71 137.50+29.72 86.25:44.10 99.06+34.36 P <0001 p=0.034 p=0.015
(minute/ n,2=0463§ 5, =0.081*  1,>=0.163§
week) TS 72.64+36.81 134.03+29.32 74.86:+41.69 74.17:+40.09

MVPA  LAG%* 470.00+£40432 199100444421  591.00+£602.08  231.00+302.03f F=91.126  F=7368 F=18252
(MET/ - ppyagredes 596.25+420.17 222625451333 70625449341  1225.00+579.68 P $0-001 p<0.001 p<0.001
minute/ | ,2=0728§ 5, =0.178§  1,>=0.349§
week) TS 526.11£41043  2095.56+483.84 64222455181 672.78£666.68

Walking ~ LAG 60390458556 501.60£529.69  111045+1899.67  222.75+219.39F F=2.001¥  F=1565%  F=1.007

g

MET/ — nyvag 1027.13£1766.53  1103.44£1397.32  662.06+730.83  419.72x310.68 P30137 p=0213 p=0323
minute/ 1,”=0.056%# 1, =0.044* 1, =0.029
week) TS 792.00+1252.61  769.08+1039.75 911174149633  310.29+278.11

Sitting ~~~ LAG**" 495+1.82 3.80+1.06 4.85+1.89 580+1.61F  F=19010  F=1331 F=3.360
time — ppyagede 4.63+1.03 3.13£0.81 431+1.58 456+089  p<0001 p=0.268 p=0.076
(hours) 7,>=0359§  5,=0.038%  n,>=0.090*

TS0 481151 3.50+1.00 461+1.76 5.25+1.46

Significant differences between periods are highlighted in bold (p <0.050)

LAG, light activity group; MVAG, moderate-to-vigorous activity group; TS, total sample; MET, metabolic equivalent task; PA, physical activ-

ity; MVPA, sum of minutes spent in moderate and vigorous activity
¥, Greenhouse—Geisser correction

3pre-intervention vs. post-intervention, “pre-intervention vs. 6-month follow-up, “pre-intervention vs. 12-month follow-up, Ypost-intervention vs.
6-month follow-up, ®post-intervention vs. 12-month follow-up, ‘6-month follow-up vs. 12-month follow-up

¥, between groups at that assessment point

npz values thresholds

#small effect: 0.010 to 0.059, *medium effect: 0.060 to 0.140, §large effect large: > 0.140

sitting time, both groups displayed significantly lower values
at post- than pre-intervention (LAG: p=0.004, d,,, =—0.74
[-1.27 to —0.26]; MVAG: p=0.001, d,,, =—1.54 [-2.48
to —0.75]), and significantly higher values at the 6-month
(LAG: p=0.028, d,,;,=0.66 [0.25 to 1.10]; MVAG:
p=0.025, d,;,=0.89 [0.14 to 1.73]) and 12-month follow-
ups (LAG: p<0.001, d,,,=1.41 [0.87 to 2.05]; MVAG:
p<0.001, d,,;,=1.60 [0.76 to 2.59]) than post-intervention.
The LAG also displayed significantly higher values at the
12-month than the 6-month follow-up (p=0.033, d,,,, =0.52
[0.12 to 0.95]).

Discussion

The aim of this study was to examine how different levels
of PA influenced the retention of body composition effects
achieved through a 16-week HSRT program over a 1-year
follow-up period in older adults. Additionally, PA levels
were also evaluated throughout the follow-up period. Hence,
the main findings were threefold: (a) fat mass remained sig-
nificantly lower at the 1-year follow-up compared to both
pre- and post-intervention values, especially in the MVAG;

(b) body cell mass values decreased over the follow-up
period, with a significant decline observed in the LAG;
and (c) with the exception of walking activity, all PA meas-
ures in the MVAG remained higher at the 1-year follow-up
compared to pre-intervention, whereas the LAG showed a
decline in these measures over the study period. These find-
ings have important clinical implications, as increased fat
mass and reduced PA are associated with poor health out-
comes [42]. Additionally, the phase angle results highlight
the protective role of RT on cellular function, reinforcing the
effectiveness of the HSRT intervention [14] and by previous
studies [5, 17].

The study showed that PA declined across both general
categories (Table A, supplementary file) and specific param-
eters (Table 3) following the intervention. However, it is
noteworthy that, when comparing pre-intervention values
to the 12-month follow-up, some participants maintained
their PA habits despite the overall reduction, especially the
weekly activity (min) for MVAG. In contrast, the significant
reduction observed in the LAG may reflect a decrease in
motivation to engage in any form of PA. Although the IPAQ-
SF is a validated instrument for assessing PA and sedentary
behavior in older adults [43], it has inherent limitations,

@ Springer
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including susceptibility to desirability bias [44]. Neverthe-
less, it remains a cost-effective, practical, and accessible
tool that minimizes the burden on both participants and
researchers [45]. Therefore, these findings may have clini-
cal relevance for exercise professionals, offering insights into
how older adults sustain moderate levels of PA and how
these behaviors influence body composition, factors that are
essential for preventing cardiovascular disease, frailty and
early mortality [46, 47].

Few studies have examined exercise cessation effects
in older adults. Martinez-Aldao et al. [48] reported simi-
lar reductions in PA following a 24-week detraining period
after an 8-month multi-component training program, while
Esain et al. [49] observed a shift toward a less active lifestyle
during 12 weeks of detraining after a 9-month intervention.
Consistent with these findings, the present study suggests
that when older adults are not engaged in supervised and
structured programs, they tend to reduce their PA and, con-
sequently, adopt a more sedentary lifestyle. This may be
attributed to the fact that, beyond physical benefits, partici-
pation in formal programs promotes social interactions [48,
50], which can encourage individuals to organize additional
activities (e.g., charity walks) and potentially mitigate isola-
tion and inactivity [51].

Although RT programs are widely recognized as effec-
tive in counteracting age-related changes in body com-
position among older adults [5, 7, 8, 11-14, 52], studies
have reported that these improvements are often lost dur-
ing detraining periods, with declines observed as early as 2
weeks [17] and up to 12 months [7, 10].

In the present study, fat mass significantly decreased from
pre- and post-intervention to the 12-month follow-up in the
MVAG, demonstrating a protective role of their sustained
PA habits. As the present research used a distinct methodol-
ogy, most previous research did not align with these results
[5, 7-13]. Furthermore, the MVAG exhibited significant
reductions in weight (5.66% and 4.04%) and BMI (5.94%
and 4.25%) at the 12-month follow-up compared to pre- and
post-intervention values, respectively. Interestingly, BMI
reductions were also observed in the LAG, a finding not
reported in previous studies [5, 7, 8, 11, 12, 17, 52]. These
findings may emphasize the benefits of maintaining an active
lifestyle, possibly facilitated by increased health literacy
and encouragement to sustain high PA levels or begin new
exercise programs during the follow-up period. Unlike prior
studies, which restricted participants to their usual activity
levels or discouraged structured exercise [5, 7, 8, 11-13,
52], this study promoted continued engagement, reflecting
an ethical commitment to public health [21].

In the present study, both groups demonstrated a decrease
in muscle mass, particularly LAG, which also showed sig-
nificant reductions in lean mass and fat-free mass from pre-
and post-intervention to the 6-month follow-up. Previous

@ Springer

studies have reported similar results after detraining periods
[5, 7-13, 17]. As shown in Table B (supplementary file),
most participants did not continue RT exercises, which likely
contributed to the observed declines. This shift in exercise
patterns during the follow-up period, with participants
engaging more in cardiovascular activities than in RT exer-
cises, is consistent with the findings of Snijders et al. [7].
Since RT provides a potent hypertrophic stimulus, particu-
larly for type II muscle fibers often compromised by aging
[53], these findings underscore the difficulty in maintaining
muscle mass gains once RT ceases, further highlighting the
impact of aging.

Body cell mass, which refers to the total weight of all
living, metabolically active, and functionally vital cells in
the body [54], declined significantly in both groups from
the post-intervention to the 6-month follow-up. However,
only the LAG exhibited a significant decrease from post-
intervention to the 12-month follow-up. These results, along
with the slight reductions in phase angle values, suggest
that the physical activities performed during the follow-
up period may have been insufficient to prevent declines in
these parameters.

Although no prior studies have specifically examined
body cell mass, similar decreases in phase angle after RT
cessation have been reported [5, 17]. These findings sug-
gest that RT cessation has detrimental effects on cellular
health, such as mitochondrial function, level of inflamma-
tion and cell membrane integrity [16, 55], regardless of
detraining duration. As Sardinha and Rosa [16] noted, the
loss of hydration-mediated cell swelling (loss of ICW) is
a key mechanism explaining these declines [56], which is
supported by the ICW results (Table 3). This highlights the
negative impact of stopping RT on cellular health.

Despite offering valuable insights, certain limitations
should be acknowledged. First, both the assessor and par-
ticipants were aware of the study’s objectives, which could
have introduced bias through expectancy effects. Second,
PA was assessed using a self-reported questionnaire, which
may lack precision. Older adults often overestimate their PA,
potentially affecting group classification accuracy. While
IPAQ-SF is a widely used and validated tool [35, 43], future
studies should incorporate objective measures (e.g., acceler-
ometers) alongside self-reported data to improve accuracy.
Finally, caloric intake was not controlled during the follow-
up period, which could have influenced the outcomes.

Conclusions

This study highlights the positive role of PA in retain-
ing the effects achieved during the HSRT program.
Participants who engaged in MVPA successfully main-
tained reductions in fat mass, BMI, and weight. However,



Sport Sciences for Health (2026) 22:135

Page9of 11 135

significant declines in muscle mass, lean mass, fat-free
mass and body cell mass were observed in both groups
after the cessation of the HSRT program. The reduced
motivation among LAG participants may have contributed
to the significant declines in PA parameters observed at the
1-year follow-up compared to pre-intervention.

These findings underscore the critical importance of
maintaining PA habits to preserve the benefits of struc-
tured training. They also emphasize the vulnerability
of muscle mass and cellular health to the cessation of
RT programs. Therefore, the information suggests that
researchers and practitioners should actively encourage
older adults to sustain at least moderate PA after complet-
ing exercise programs, whether these are part of scientific
interventions or routine practices, to mitigate the negative
effects associated with stopping structured training.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11332-026-01715-8.
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