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Abstract

Background: Replacing sedentary behavior (SB) with light-intensity physical activity 
(LIPA) may improve sit-to-stand (STS) ability in older adults, but whether the LIPA pat-
tern influences the time course (or physiological basis) of adaptation remains unclear. 
Objectives: To compare the time course of changes in STS performance, including repe-
tition duration, following intermittent versus continuous LIPA in older women, and to 
examine associations between functional changes and changes in lower-limb muscle mor-
phology and tissue quality. Methods: Twenty-eight older women = (74 ± 5 years, BMI: 
26.1 ± 3.6 kg·m−2 , waist: height ratio: 0.58 ± 0.06) completed eight weeks of either inter-
mittent (2 min bouts of LIPA following each 30 min of uninterrupted SB between 09:00 
and 21:00, approximately 44 min·day−1  under a maximally sedentary pattern of LIPA); or 
continuous (one 45–50 min daily bout of LIPA) LIPA. Compliance with LIPA interventions 
was objectively assessed using accelerometry at weeks 0, 4 and 8. Thirty-second STS (30STS) 
performance and repetition duration were assessed at baseline, week 4 and week 8. Mus-
cle morphology was assessed by ultrasonography at baseline and week 8. This two-arm, 
parallel-group quasi-randomized trial analyzed changes using two-way mixed ANOVA or 
ANCOVA, with non-parametric within- and between-group tests used where appropriate 
(two-sided α = 0.05). Exploratory correlations were Bonferroni-corrected. Results: 30STS 
repetitions increased from baseline to week 8 (p < 0.001), without a difference between 
LIPA patterns (p = 0.25). In participants assessed at all time points, 30STS performance 
improved between baseline and week 8 (p = 0.002) and weeks 4 and 8 (p = 0.017), while 
the baseline–week 4 comparison showed a trend (p = 0.076). Mean repetition duration 
decreased from baseline to week 8 (p = 0.02), with no between-pattern difference (p = 0.67). 
Time-course analyses suggested that temporal adaptations may begin earlier, although 
corrected baseline–week 4 comparisons were not significant. The ultrasound sarcopenia 
index changed differently between groups (interaction p = 0.041), decreasing with inter-
mittent LIPA and increasing with continuous LIPA. In exploratory subgroup analyses, one 
hypothesis-generating association survived Bonferroni correction: change in distal GL echo 
intensity (25% of muscle length) was positively associated with mean interval change in the 
repetition 7 vs. 8 duration difference within the intermittent-LIPA group (n = 12, rs = 0.82, 
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p = 0.001). Conclusions: Both intermittent and continuous LIPA were associated with 
improved STS performance in older women, with no evidence of a difference between 
patterns. Time-course trends suggested that reductions in repetition duration may emerge 
before increases in total repetitions; however, this temporal ordering was not confirmed 
statistically. Improvements in total repetitions were evident after eight weeks. USI re-
sponses differed between LIPA patterns, whereas the isolated exploratory ultrasound–STS 
association requires confirmation.

Keywords: sedentary behavior; light-intensity physical activity; older women; sit-to-
stand performance; repetition duration; muscle architecture; ultrasound sarcopenia index; 
time course

1. Introduction
Sedentary behaviour (SB) is associated with impaired physical function (the ability 

to independently carry out tasks of daily living) in older adults [1–3], increasing the risk 
of morbidity [4], mortality [5], and reduced quality of life [3]. This association appears 
stronger among older individuals [6] and those with frailty [7], persists after adjustment 
for moderate-to-vigorous physical activity [8,9], and may be exacerbated by prolonged, 
uninterrupted periods of SB [10–12]. Sit-to-stand (STS) performance (i.e., the ability to rise 
and mobilise from a seated position) is an important indicator of lower-limb function and 
is associated with sarcopenia [13], frailty [14], falls risk [15] and morbidity/mortality [16]. 
STS ability therefore forms a core component of established functional assessments, includ-
ing the five-repetitions STS test (5STS) [17], the 30 s STS test (30STS) and the short physical 
performance battery (SPPB) [18]. In fact, within the latter, STS performance may be more 
strongly associated with mortality risk than its gait and balance components [18,19]. Dimin-
ished performance during the latter stages of repeated STS assessments reflects increasing 
muscular fatigability and a reduced repetition frequency [17]. During a 30 s repeated STS 
test, energy is supplied through phosphagen, glycolytic and oxidative pathways. Fatigue 
may be influenced by phosphocreatine depletion and the accumulation of metabolites such 
as inorganic phosphate [20]. Repeated STS exercise lasting longer than 30 s has been shown 
to elevate blood lactate in younger adults [21], while a greater STS repetition frequency 
increases oxygen consumption [22], supporting contributions from both glycolytic and 
oxidative metabolism. However, the 30STS is a functional assessment rather than a direct 
measure of any individual metabolic pathway, and performance also reflects lower-limb 
strength, power, coordination and muscular endurance. This is clinically relevant because 
the ability to rise repeatedly from a seated position underpins activities of daily living 
requiring strength, mobility and postural control [18,23], and is therefore important for 
maintaining independence in older adults.

Conventional methods of STS assessment (i.e., counting repetitions or measuring com-
pletion time) do not consider individual repetition kinematic measures such as concentric 
and eccentric velocity and power [24]. Accordingly, falls in older adults are multifactorial 
and may arise from interacting impairments across the musculoskeletal, sensory and ner-
vous systems, including reduced lower-limb strength and power, impaired postural control, 
diminished visual, vestibular and proprioceptive input, and slower sensorimotor processing 
and reaction time [25]. The global prevalence of falls in older adults is ~26.5% [26], with 
average annual incidence increasing by ~0.49% from 1990 to 2021 [27]. Falls-related con-
sequences include diminished autonomy, health, and function [28], increased reliance on 
social care [29] and greater economic burden, with falls accounting for ~0.85–1.5% of annual 
healthcare spending in high-income countries [30]. In fact, a recent systematic review iden-

https://doi.org/10.3390/jfmk11040461

https://doi.org/10.3390/jfmk11040461


J. Funct. Morphol. Kinesiol. 2026, 11, 461 3 of 29

tified that lower average leg-press power and lower peak sit-to-stand power could predict 
prospective falls in older adults, especially injurious or recurrent falls [15]. Accordingly, 
41% of falls among care-home residents occur during inappropriate STS transitions [31], 
suggesting that the kinematic performance of individual STS repetitions (concentric/eccen-
tric velocity and/or power) may provide important information beyond repetition number 
alone. In fact, a recent study found significantly reduced STS displacement velocity in 
adults aged >70 years compared with younger counterparts, characterised by significantly 
slower concentric rising velocity, and faster eccentric sitting velocity (i.e., less controlled 
descent) [24]. Another study identified an association between STS motion parameters 
[power, speed, and balance (measured with ground reaction force (GRF))] and frailty [14]. 
Older adults perform ~39–49 sit-to-stand transitions on average every day [32]. Consider-
ing that increased fatiguability and reduced muscular endurance is associated with falls 
risk [33–35], the ability to maintain optimal STS kinematic performance across successive 
repetitions (i.e., functional endurance) is also important to consider.

SB is consistently associated with lower STS ability in older adults [36]. In fact, higher 
objectively assessed SB is associated with lower-body muscle strength, and lower-body 
muscle power specifically measured using the chair stand test [3]. A prolonged SB pattern 
also appears to be specifically detrimental to STS ability [37], suggesting a pattern-specific 
deconditioning effect associated with longer bouts of SB. However, it remains possible 
that low STS ability in older adults may also reduce their physical capability to interrupt 
SB, facilitating more prolonged SB engagement. [37]. This is consistent with the negative 
deconditioning–inactivity cycle which is now considered a key contributor to accelerated 
sarcopenia and ageing [38]. The role of SB in this cycle may also be psychological as a history 
of falls and fear of falling are associated with an additional 22 and 45 min of SB per day 
respectively [36,39]. Ultimately, despite the evidence base being mostly epidemiological, 
clear associations exist between SB and diminished STS ability.

Moderate-to-vigorous physical activity (MVPA) or structured exercise consistently 
improves physical function in older adults, including 30STS (+2.5 repetitions) and 5STS 
(−1.9 s) [40]. Benefits have been observed across strength, endurance, balance and multi-
component exercise, and effect sizes appear to increase for interventions >12–16 weeks in 
length [40]. However, the optimal duration (in weeks) was undeterminable due to high 
variability between studies [40]. Such evidence informs physical activity recommenda-
tions like performing 150 min per week of moderate activity [41]. However, the negative 
association between prolonged SB and diminished physical function persists following 
adjustment for recommended levels of MVPA [8,9]. This suggests that SB should be consid-
ered an independent risk factor for diminished function in older adults and thus warrants 
interventions alongside MVPA promotion. However, older adults may have lower toler-
ance for and perceive greater difficulty with intense activity [42,43]. Older adults exhibit 
poor adherence to even recommended levels of MVPA [44,45], especially strength and 
balance training [45,46]. Furthermore, increasing MVPA in older adults with pre-existing 
frailty may increase injurious falls risk [47]. Older adults also report a lack of appropriate 
equipment/knowledge [48–50], supervision [51], and travel infrastructure [52] as further 
barriers to MVPA. Therefore, reducing and interrupting SB may provide a more feasible 
complementary approach to improving physical function in older adults. In fact, only older 
adults assigned to a 12-week SB reduction intervention significantly improved STS ability, 
whereas the MVPA group did not [53], suggesting that SB reduction may offer specific 
benefits for STS performance.

However, mere SB reduction (regardless of the behaviour SB is replaced with) does not 
appear to generate improved STS ability in older adults [54]. As such, it is unclear whether 
previously reported improvements result from reducing SB itself or from the accompanying 
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increases in light-intensity physical activity (LIPA). In the present study, LIPA was opera-
tionally defined as activity requiring >1.5 and <3.0 metabolic equivalents (METs), consistent 
with the older-adult validation study underpinning the thigh-mounted accelerometer algo-
rithm used here [55]. This includes activities such as light walking and routine household 
tasks (e.g., food preparation) [56]. Replacing SB with LIPA may be important for achieving 
long-term health benefits [57,58], potentially due to LIPA generating superior responses in 
both muscle activity (MA) [59,60] and energy expenditure [60–62] compared to replacing 
SB with stationary standing. Although LIPA may be assumed to provide an insufficient 
adaptive stimulus, low-intensity resistance training (10–<55% one repetition maximum, 
2–3 sessions per week for 8–16 weeks) enhances both muscle strength [63,64] and physical 
function [65] in older adults. Similarly, increasing LIPA improves physical function [66] 
in older adults generally, but especially in frail individuals [67,68]. Therefore, LIPA may 
provide a sufficient stimulus for functional adaptation, particularly among older adults 
with lower physiological reserve.

Furthermore, the pattern of SB reduction/LIPA implementation may also play a role. 
A 10-week intervention in frail older adults used accelerometer prompts to encourage par-
ticipants to interrupt SB frequently and resulted in improved STS ability [68]. However, 
frequently breaking up prolonged periods of SB with regular STS transitions [sedentary 
behaviour fragmentation (SBF)] has the potential to generate improved STS ability, irrespec-
tive of the activity performed following each transition. Although a single STS transition 
has a relatively low energy cost, it can generate muscle activation comparable to structured 
lower-body exercise [69]. Comparable muscle activation may contribute to improvements 
in physical function following SB reduction. In fact, heightened muscle activity during LIPA 
based SB replacement is also observed in key muscle groups involved in STS performance, 
including the knee extensors/flexors [59] and the Gastrocnemius Medialis (GM) [60].

Irrespective of the prescribed pattern (intermittent or continuous), similar improve-
ments in 30STS performance are produced following 8 weeks of SB replacement with LIPA 
in older adults [70]. However, the time-course of these changes and changes in the duration 
of individual STS repetitions are yet to be determined. Following a similar intervention, 
statistically insignificant increases in Vastus Lateralis (VL) volume still explain 30–45% 
of the variance in gait speed improvements, measured using the timed-up-and-go (TUG) 
test [71]. The authors suggest that improvement in the STS component of the TUG may ex-
plain the association between VL volume changes and TUG performance [71]. Accordingly, 
a recent study in older adults found significant inverse correlations between VL thickness 
and 5STS completion time, explaining 47–60% of the observed variance [72]. VL/GM echo 
intensity was positively associated with 5STS completion time, explaining 48–64% of the 
observed variance [72]. The ultrasound sarcopenia index (USI) has also been investigated 
as an indicator of sarcopenia presence and severity [73,74]. Taken together, these findings 
suggest that lower-limb muscle morphology and tissue quality may be associated with STS 
performance and its adaptation following the displacement of SB.

Previous SB reduction studies have not established the time course of such changes in 
individual-repetition and overall STS performance over an intervention period. Further-
more, potential changes in these functional outcomes have not been examined in relation to 
changes in lower-limb muscle morphology and tissue quality. Consequently, the influence 
of intermittent versus continuous LIPA on the time course and muscular correlates of STS 
adaptation warrants investigation. Therefore, the aim of this study was to quantify the 
time-course changes in STS performance, including the duration of individual repetitions, 
following two different LIPA interventions in older women, and examine whether these 
functional changes are associated with changes in lower-limb muscle morphology and tissue 
quality. It was hypothesised that displacing SB with LIPA would improve STS performance 
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irrespective of LIPA pattern. It was further hypothesised that improvements in individual-
repetition duration would emerge before improvements in overall STS performance (i.e., 
repetitions completed in 30 s), irrespective of the prescribed LIPA pattern. Finally, changes 
in muscle morphology and tissue quality were hypothesised to be associated with functional 
improvements, with these associations differing according to the pattern of prescribed LIPA.

2. Materials and Methods
Twenty-eight community-dwelling older women voluntarily participated in the quasi-

randomised study (see Figure 1 and Table 1). All data collection took place within the 
Cheshire East (UK) area, with baseline and post-test data analysis performed at the Crewe 
Campus of Manchester Metropolitan University (Manchester Met.).

Figure 1. Consolidated reporting of clinical trials (CONSORT) flowchart detailing recruitment, 
exclusions, allocations and participants remaining for each analysis and sub-samples.

https://doi.org/10.3390/jfmk11040461

https://doi.org/10.3390/jfmk11040461


J. Funct. Morphol. Kinesiol. 2026, 11, 461 6 of 29

Table 1. Inclusion/exclusion criteria.

Inclusion Criteria Exclusion Criteria

Female gender History of lower-limb muscle disorder in the past six months

Above the age of 65 History of lower-limb tendon disorder in the past six months

Under the age of 85 History of lower-limb joint disorder in the past six months

Physically active status (<150 min of MVPA per week, 
or ≥150 min MVPA per week) Currently suffering from active cancer

Not knowingly allergic to the physical behavior 
monitoring equipment Currently suffering from cardiovascular disease

Not partaking in structured resistance training at baseline Currently suffering from uncontrolled diabetes

Currently using prescribed medication likely to affect ability to 
perform movement

MVPA; Moderate to vigorous physical activity.

2.1. Sample Size Calculation
To the authors’ knowledge, no sedentary behaviour replacement (with LIPA) studies 

examining changes in STS ability, muscle morphology and tissue related quality have been 
conducted. As such, the target sample size was informed by the following evidence:

An a priori power calculation was conducted using G*Power (version 3.1.9.7) for a 
2 × 3 mixed-design ANOVA. A moderate effect (f = 0.30), derived from the effect reported 
for STS improvement following a previous sedentary-behaviour intervention (d = 0.60) [75], 
was entered with α = 0.05 and 80% power. Assuming a correlation of 0.5 among repeated 
measures and a non-sphericity correction of 1.0, the required sample was 20 participants 
(10 per group). Separate calculations were performed for the within factors effect, and 
within–between interaction effect, using the same parameters outlined. Both calculations 
yielded a required sample of size of n = 20. To accommodate potential attrition and 
uncertainty associated with the novel intervention patterns and repetition-duration outcome, 
the recruitment target was increased to 30 participants; 28 completed the study.

2.2. Recruitment
Participants were recruited from the local community in Cheshire East (UK) through 

advertising (posters, speaking engagements, etc.) and from a local research-volunteer 
database. The contacts on the research database had been retained from previous research 
studies conducted with the sport and exercise science department at Manchester Metropoli-
tan University, specifically focusing on older adult women. This strategy was chosen because 
targeting the demographic of interest (in this case older adult women) and recruiting par-
ticipants from a pre-existing database (within an existing research community) [75] have 
both been shown to be optimal strategies for recruitment. Trial Registration: This study was 
not prospectively registered.

2.3. Detailed Inclusion and Exclusion Criteria
Exclusion criteria included a history of lower-limb muscle/tendon/joint disorders 

during the past six months, or the presence of any chronic health condition that could affect 
the participant’s ability to independently perform the physical activity intervention (e.g., 
unstable, symptomatic or uncontrolled cardiovascular disease, uncontrolled diabetes, active 
cancer, stroke, Parkinson’s disease, etc). Furthermore, participants who habitually partici-
pated in structured progressive resistance training (free weights, etc.) were also excluded at 
baseline, given the potent effect such activity has on physical function in older adults [40]. 
Nevertheless, participants were eligible regardless of their habitual physical activity profile 
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or whether they met recommended MVPA levels. Previous SB reduction intervention stud-
ies in older adults used a higher proportion of female participants (67–71%) compared to 
men (29–33%) [53,54,68]. Furthermore, women exhibit greater anabolic resistance [76,77], 
greater reductions in strength following disuse [78], and enhanced benefits from lower 
intensity loading [63,79,80] compared to men. Therefore, a stronger rationale existed to 
study the effects of SB displacement in older women specifically, compared to men. For 
these reasons, participant inclusion criteria for this study specified female gender.

2.4. Experimental Overview
Participants initially visited the laboratory to complete basic anthropometric assess-

ments (height and body mass), and a falls-risk screening questionnaire [Falls Risk As-
sessment Tool (FRAT)], as well as to become familiar with the physical-function, muscle-
strength and neuromuscular assessments (see below for full protocols). Participants com-
pleted each assessment a minimum of 3 times during familiarisation, as 3 attempts have 
been identified as the point at which functional performance begins to stabilise in older 
adults [81]. Participants were also able to confirm that they were comfortable performing 
each assessment before continuing. Familiarisation data were recorded and retained for a 
sample of participants for STS ability (n = 8, 29% of the sample). Intra-rater (test–retest) re-
liability between the familiarisation visit and the first testing visit (0-weeks) was performed, 
including absolute agreement intra-class coefficient (ICC), systematic error, and typical 
error. Please see ‘STS repetition and temporal performance assessment’ within the methods 
section for such results.

Before leaving, participants were provided with equipment to monitor habitual physi-
cal behaviour. After seven days of habitual physical behaviour monitoring, participants 
returned for pre-intervention testing (Ultrasonography and STS performance). Before 
leaving the pre-intervention visit, participants were allocated in a 1:1 ratio to intermittent 
or continuous LIPA using a quasi-randomised sequence based on order of enrolment. No 
allocation concealment or blinding was employed. Participants were given instructions 
specific to their intervention group. The principal investigator conducted a home visit at 
week 4 to reassess STS ability (see below and Figure 2). Participants returned to the labora-
tory after 8 weeks to undergo post-intervention assessments (Ultrasonography and STS 
performance). Physical behaviour was quantified during week 0 (between familiarisation 
and pre-intervention testing) and week 8 (during the approximately seven days preceding 
post-intervention testing) (see Figure 2).

2.5. Anthropometrics
Participants arrived and removed their footwear in a private room. Height was mea-

sured to the nearest 0.1 cm using a portable stadiometer (Seca model 213; Seca GmbH & Co. 
KG, Hamburg, Germany). Briefly, participants were asked to stand with their heels against 
the stadiometer backboard, take a deep breath in, then breathe out, before the headpiece 
was lowered onto their head. Body mass was then measured using digital scales (Seca 
model 873, Seca GmbH & Co. KG, Hamburg, Germany), to the nearest 0.1 kg.

2.6. Ultrasonography
Participants lay prone on a height-adjustable physiotherapy bed in a prone position. 

The ankle joint of the dominant leg was positioned on top of a cushion and secured in 
a neutral position (90°, referred to hereafter as 0°) against a footplate. Ankle angle was 
measured using a goniometer and re-standardised to 0° before each assessment to ensure 
consistency between measures. To minimise fluid shifts, all images were obtained after 
20 min of rest in this prone position [82–84]. During scanning, participants were asked to 
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remain still and relaxed. Briefly, water-soluble transmission gel (Aquasonic 100 Ultrasound 
Transmission gel; Parker Laboratories Inc., Fairfield, NJ, USA) was applied to the skin, 
and the ultrasound probe (38 mm width, 7.5 mHz frequency, Esaote MyLab™ Twice, 
Esaote, Genoa, Italy) was positioned in the midsagittal and transverse planes. Minimal 
pressure was applied to avoid compression of the skin and underlying muscle. Anatomical 
landmarks of the GM and Gastrocnemius Lateralis (GL) muscles were identified using 
ultrasound and marked on the skin, including the proximal/distal insertions, medial/lateral 
borders, and discrete muscle sites (25%, 50%, and 75% of muscle length measured from the 
distal insertion).

Figure 2. Experimental timeline detailing intervention periods and data-collection time points. Arrows 
represent key timeline events.

2.6.1. Muscle Cross-Sectional Area and Tissue-Related Quality (Echo Intensity)
VPAN imaging procedure was employed as described previously [71] to determine 

GM and GL anatomical cross-sectional areas (ACSAs). Distal images (at 25% of GM and 
GL muscle length) were taken, followed by images at more proximal sites (50% and 75% 
of muscle length). GM/GL were chosen because structural and functional aspects of the 
plantar flexors explain the majority of the variance in static and dynamic postural stability 
in older adults [85,86]. Furthermore, higher levels of muscle quality in the lower-limb 
plantar flexors are consistently associated with functional capacity in older adults [87–89], 
including STS ability (i.e., 5STS) [72]. Participants moved to a supine position, with the 
knee fully extended and the hip flexed to 45° using a 30 cm platform. The proximal and 
distal insertions of the VL were identified, and the site corresponding to 50% of VL muscle 
length was marked on the skin. The VL was chosen considering the key role that the knee 
extensor muscles play during STS transitions [59]. Specifically, the VL has previously been 
found to be a valid proxy indicator of Quadriceps Femoris morphology, force generation 
and age-related atrophy [90,91]. Both VL thickness and echo intensity have previously been 
associated with 5STS performance [72]. Finally, previous intervention studies have found 
that VL volume changes explain part of the change in STS ability following SB reduction in 
older adults [71]. Three panoramic images of the VL were then obtained to determine VL 
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ACSA, as described previously [71]. Offline analysis was performed using ImageJ (version 
1.45 s; National Institutes of Health, Bethesda, MD, USA) by an assessor who was not 
blinded to group allocation or time point.

Echo intensity was determined by computer-aided grayscale analysis, using the stan-
dard histogram function. Briefly, the same region of interest used to calculate CSA was used 
to determine mean echo intensity value, typically ranging from 0 to 255 arbitrary units (AU) 
(black = 0, white = 255), as described previously [92]. Because alterations in probe tilt of 
as little as 2° can decrease echo intensity in the lower-limb musculature by ~5% [93], great 
care was taken to maintain a consistent probe orientation during scanning. Furthermore all 
acquisition settings were standardised across assessments because echo-intensity values 
can vary between ultrasound systems and settings [94].

2.6.2. Muscle Architecture and Ultrasound Sarcopenia Index
The ultrasound probe was then positioned along the mid-sagittal line, at the site cor-

responding to 50% of VL muscle length and width, to record resting muscle architecture. 
Images were then analysed using ImageJ (version 1.45s; National Institutes of Health, 
Bethesda, MD, USA). Resting VL fascicle length (Lf), muscle thickness (Mt) and subcuta-
neous adiposity thickness (SAT) were recorded. VL MT was measured at the centre of the 
image as the distance between the superficial and deep aponeuroses. Three VL fascicles 
extending from the deep to the superficial aponeurosis were measured, and the mean value 
was determined. Linear extrapolation of fascicles was used where fascicles extended beyond 
the field of view of the probe, as described previously [95]. This method has previously 
demonstrated good validity and reliability [96,97].

Lf was then used to calculate the ultrasound sarcopenia index (USI) using the following 
formula (please see Figure 3):

USI = Lf/MT

Figure 3. A representative mid-sagittal ultrasound image of the VL muscle, highlighting the SAT, 
fascicular length path, fascicle pennation angle, and the upper and lower aponeuroses.
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USI is a parameter proposed to evaluate changes in muscle geometric proportions asso-
ciated with muscle atrophy [73,74]. USI has previously been validated against established 
methods of sarcopenia diagnosis [73]. More recently, USI has been shown to be sensitive to 
sarcopenia severity, supporting its potential use for monitoring muscle changes in older 
adults [74].

Subcutaneous adipose tissue (SAT) was measured at the centre of the image as the 
distance between the epidermis and superficial aponeurosis.

2.7. STS Repetition and Temporal Performance Assessment
STS ability was assessed as described previously [70,71]. The 30STS was selected 

because it provides an integrated assessment of lower-limb functional strength and en-
durance, while repetition-level timing enabled movement speed and within-test fatigability 
to be examined.

Because chair height influences sit-to-stand ability in older adults [98,99], the height of 
an adjustable stool was standardised to the length of each participant’s lower leg (distance 
from the tibio-femoral joint line, to the sole of the footwear worn during testing). Participants 
were instructed to wear the same comfortable footwear (e.g., trainers) during pre-, mid- and 
post-intervention testing. A modified pressure sensor (Tekescan, South Boston, MA, USA) 
was attached to the stool to provide automated timing and connected by cable to an external 
laptop. All equipment was transported to and manually assembled at the participant’s 
home for the mid-way (i.e., week 4) assessment.

During offline analysis, average baseline pressure and its standard deviation were 
determined from the first 5 s of each recording. The participant was deemed to have stood 
once the recorded pressure decreased to more than 2 standard deviations below the mean 
seated baseline pressure. STS ability was assessed using the 30STS. Participants began in a 
seated position, with their arms crossed over their chest, and remained still for 5 s to allow 
baseline pressure to be recorded. Participants were then instructed to rise from the chair as 
quickly as possible until their knees were fully extended and then return to a seated position. 
Participants completed as many repetitions as possible within 30 s. The test interval began 
when the pressure first decreased to more than two standard deviations below the mean 
seated baseline pressure and ended exactly 30 s later, with time recorded to the nearest 
0.01 s (e.g., from 10.99 to 40.99). STS repetitions were counted as every time chair pressure 
fell below the defined seat-off threshold, including the first sit-to-stand transition.

Additionally, the time taken to complete each seat-off-to-seat-contact cycle for the 
first 10 repetitions performed within the 30 s period was termed the ‘repetition duration’. 
This was calculated as the interval, to the nearest 0.01 s, between pressure falling below 
the seat-off threshold (i.e., loss of contact between the participant and the stool), and 
pressure subsequently exceeding the seat-contact threshold (i.e., re-establishment of contact 
with the stool). This measure incorporated the standing and descending phases of each 
repetition; therefore, the concentric and eccentric phases could not be analysed separately, 
as undertaken previously [24]. The first 10 repetitions were used because the baseline 
30STS range was 11–22 repetitions, ensuring that an equivalent number of repetitions was 
available for every participant. Thus, using the first 10 repetitions ensured all baseline 
data could be analysed. Furthermore, 10 repetitions represent twice the number assessed 
by the well-established 5STS test [13], potentially allowing changes in functional strength 
endurance across successive repetitions to be captured.

The difference in duration between consecutive repetition pairs (e.g., repetitions 1 
and 2), repetitions 1 and 5, and repetitions 1 and 10 was also calculated as an indicator 
of fatiguability. The direction of difference score was always calculated as the subsequent 
repetition (e.g., repetition 2) subtracted from the preceding repetition (e.g., repetition 1). 
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This meant that positive values could be interpreted as increasing duration/fatigability. 
Furthermore, the mean, standard deviation, and co-efficient of variation across the first 
10 repetitions were calculated to express inter-repetition consistency during the 30STS. 
Examining intra-rater (test–retest) reliability between the familiarisation visit and the first 
testing visit (0 weeks) (i.e., two reliability assessments, separated by 7–10 days, n = 8, 29% 
of the sample), a two-way mixed-effects (absolute agreement) ICC test showed both 30STS 
(ICC = 0.87, 95% CI 0.52–0.98) and 1STS duration (ICC = 0.89, 95% CI 0.57–0.98) exhibited 
moderate to excellent inter-day reliability [100].

2.8. Physical Behaviour Interventions
The sedentary behaviour displacement interventions have been described previ-

ously [70,71]. The purpose of the two intervention groups was to compare two approaches 
to replacing sedentary behaviour with LIPA: brief intermittent bouts triggered by prolonged 
SB and one continuous daily bout. Both intervention groups were provided with a booklet 
containing simple LIPA suggestions compiled from the compendium of physical activi-
ties [101]. Participants were explicitly instructed to continue performing any pre-existing 
MVPA routines (e.g., exercise classes). Throughout the 8-week intervention, all participants 
received fortnightly home visits from the same member of the research team, to monitor 
progress and support intervention adherence. Participants’ daily SB and LIPA times were 
assessed at baseline and during intervention weeks 4 and 8, using a thigh-mounted GENE-
Activ Original triaxial accelerometer (Activinsights Ltd., Kimbolton, UK) and a previously 
validated algorithm [55]. Although accelerometery was undertaken throughout the in-
tervention, physical-behaviour data from baseline and intervention weeks 0, 4 and 8 were 
included in the present analysis. Participants were retrospectively classified as sedentary 
(or ambulator) if their average daily sedentary time was ≥8 h/day (those with <8 h/day 
were defined as an ambulator), because health risks associated with sedentary time appear 
to increase more rapidly above this threshold [5,102,103].

Intermittent-LIPA group: Participants were informed that the purpose of their inter-
vention was to reduce the amount of time spent sedentary (sitting, lying, or reclining) 
particularly in prolonged uninterrupted bouts. Intermittent participants also had an addi-
tional accelerometer (activPAL3™ triaxial physical activity logger, PAL technologies Ltd., 
Glasgow, Scotland, UK) (34 mm × 55 mm × 6 mm) mounted alongside the GENEA unit, as 
described above. The activPAL3™ was pre-configured using activPAL software version 7.0 
(PAL technologies Ltd., Glasgow, Scotland, UK) to prompt movement following 30 min of 
SB, in the form of a vibration against the skin (classified through postural inclination of the 
thigh angle). Participants were instructed to comply to such prompts between the hours 
of 09:00 and 21:00, when safe (e.g., ignoring the prompt if on moving public transport). 
Participants were instructed to avoid remaining sedentary for more than 30 consecutive 
minutes, and to stand up and perform 2 min of upright LIPA whenever they had accumu-
lated 30 min of uninterrupted SB. No fixed number of bouts or total daily duration of LIPA 
was prescribed. This event-contingent prescription allowed participants to accumulate up 
to approximately 44 min·day−1  of intermittent LIPA during the 12 h intervention window, 
under a maximally sedentary pattern, although the number of bouts completed depended 
on the occurrence of qualifying sedentary periods. Suggested activities included general 
walking, side-to-side shuffling and washing dishes (please see Table 2). Participants also 
received a booklet which contained a diary with 30 min time increments. Specifically, par-
ticipants marked the blank space in the diary next to the appropriate time with an (X) if 
they complied with a given accelerometer prompt, a (O) if they did not comply, or left the 
space blank if they were already up and moving.
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Table 2. Intervention summary.

Intermittent Light-Intensity Physical Activity (n = 14): Continuous Light-Intensity Physical Activity (n = 14):

Frequency 7 days per week

Intensity Light-intensity physical activity defined as physical activity which produces >1.6–≤2.9 metabolic equivalents 
(METs) [56,104].

Time 45–50 min per day

Type
Examples of LIPA included: Light self-paced walking, side-to-side shuffling, standing shoulder circles, standing 

alternating arm raises, on-the-spot stepping, washing dishes, ironing, sweeping, tidying away objects, dusting, food 
preparation, hair styling (stood up), or cleaning windows.

Pattern

24 × 2 min bouts of light-intensity physical activity 
following each 30 min of uninterrupted SB between 

09:00 and 21:00.
up to approximately 22 × 2-min bouts approximately 
44 min·day−1  under a maximally sedentary pattern of 

light-intensity physical activity.

1 × 45–50-min continuous daily bout of light-intensity 
physical activity, between 09:00 and 21:00.

Duration 8 weeks

Continuous-LIPA group: Participants were informed that the purpose of their interven-
tion was to increase the amount of time spent performing LIPA while maintaining habitual 
routines. Participants were instructed to perform one continuous 45–50 min bout of LIPA, 
each day, throughout the 8-week intervention. Suggested activities included general walk-
ing, side-to-side shuffling and washing dishes. Participants also received a booklet with a 
compliance diary. The participant marked the diary with a (Y) if they complied with the 
single LIPA bout for that day, or an (N) if they did not. Participants were also encouraged 
to record the amount of LIPA implemented during a complied bout in minutes.

2.9. Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, version 

26.0 (IBM Corp., Armonk, NY, USA). The normality of the model residuals and equal-
ity of variances between groups were assessed using the Shapiro–Wilk and Levene tests, 
respectively. See Supplementary Table S1 for a summary of the analyses detailed below. 
Baseline group differences were subsequently examined using independent-samples t-tests 
or Mann–Whitney U tests (intermittent versus continuous LIPA), as appropriate. The 
same tests were also used to examine baseline group differences between participants with 
vs. without missing data in each sub-sample employed (n = 22, n = 24, n = 19, please 
see below).

Intervention effects for outcomes assessed at pre and post intervention were examined 
using 2 × 2 split plot ANOVA [two time phases (within-factor pre- and post-intervention) 
and two intervention groups (between-factor intermittent and continuous LIPA)]. Where a 
significant baseline difference between groups was detected, an ANCOVA (with baseline as 
covariate) was performed, which adjusted for baseline values. This was also the case for 
the 3 × 2 split-plot ANOVA discussed below. For non-normally distributed data, within-
group changes were examined using the Wilcoxon signed-rank test, while between-group 
differences were examined using the Mann–Whitney U test on the relative changes from 
baseline (expressed as percentages). Asymptotic two-tailed p-values are reported for 
Wilcoxon signed-rank and Mann–Whitney U tests.

A 3 × 2 split-plot ANOVA [three time phases (pre-, mid- and post-intervention) and 
two intervention groups] was used to examine time-course changes. Sphericity was assessed 
using Mauchly’s test, and where the assumption of sphericity was violated, Huynh–Feldt 
corrections were applied. For non-normally distributed data, within-group comparisons 
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were performed using the Friedman test, with differences between individual time points 
examined using Wilcoxon signed-rank tests, with no adjustment for multiple comparisons.

Between-group comparisons of relative change were calculated firstly by computing 
the mean internal change (the average of pre–mid and mid–post relative differences) and 
then performing a Mann–Whitney U test to compare the two groups. A Mann–Whitney U 
test between groups was also performed on the trajectory shape (the difference between pre–
mid and mid–post relative differences). If a significant overall between group comparisons 
effect was found for such tests, separate Mann–Whitney U tests were performed on the 
relative changes from baseline to mid-intervention, baseline to post-intervention, and mid-
intervention to post-intervention, to explore post hoc differences.

Complete-case samples were used separately for each outcome according to data 
availability. The full sample (n = 28) was used to analyse pre–post changes in 30STS 
performance, whereas a sub-sample of n = 22 (intermittent LIPA: n = 12, continuous LIPA: 
n = 10) was used to analyse time-course changes across all three time points (i.e., pre, mid 
and post), owing to missing mid-intervention data for n = 6 participants. Data were missing 
for these observations due to TEKEscan equipment error during participant home visits, 
which prevented valid recordings of STS performance data from being obtained.

Similarly, a sub-sample of n = 24 (intermittent LIPA: n = 14, continuous LIPA: n = 10) 
was used to analyse pre–post changes in STS temporal performance (i.e., repetition du-
ration), and ultrasound-derived outcomes. Pearson’s correlations or Spearman’s rank 
correlations assessed changes in ultrasound-derived outcomes (e.g., muscle thickness) and 
changes in STS temporal-performance outcomes (e.g., mean repetition duration). These 
analyses were conducted separately by intervention group and treated as exploratory. A 
further sub-sample of n = 19 (intermittent LIPA: n = 12, continuous LIPA: n = 7) was 
used to analyse changes in STS temporal performance outcomes across all three time 
points. Bonferroni corrections were applied to p values, with 12 comparisons corrected for 
(0.05/12 = 0.0042).

Data are reported as mean ± SD for normally distributed variables (or median, IQR 
for non-parametric data). Statistical significance was accepted at p ≤ 0.05. Furthermore, a 
statistical trend was deemed to present when p was between 0.05 and 0.10 [105].

Effect estimates are presented with 95% confidence intervals where calculable. Hodges–
Lehmann estimates with 95% confidence intervals were reported for Wilcoxon signed-rank 
and Mann–Whitney U comparisons.

Effect sizes were measured as Pearson r correlation (r), Cohen’s d effect size (d), or 
partial eta squared (np2 ). Pearson r correlation was used to calculate effect size for the 
Wilcoxon signed-ranked test, and the Mann–Whitney U test. For the Wilcoxon signed-
ranked test, r was calculated by dividing the Z value for the test by the square root of the 
number of paired observations (not the total number of pre- and post-observations). For 
the Mann–Whitney U test, r was calculated by dividing the Z value for the test by the square 
root of the total sample size. r values of 0.1, 0.3, and 0.5 are considered small, medium, and 
large effect sizes, respectively [106]. Cohen’s d effect size was used to calculate the effect 
size for the paired samples t-test.

For paired-samples t-tests, Cohen’s d was calculated by dividing the mean paired 
difference by the standard deviation of the paired differences. For independent-samples 
t-tests, Cohen’s (d) was calculated using the pooled standard deviation [106].

Partial eta squared (np2 ) was used to calculate the effect size for the two-way mixed 
design analysis of variance and the two-way mixed design analysis of co-variance. For such 
tests, effect size was calculated automatically by SPSS software with the values displayed 
in the output. np2  values of 0.01, 0.06, and 0.14 are considered small, medium, and large 
effect sizes, respectively [106]. Kendall’s W (Kendall’s coefficient of concordance) was used 
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to determine the Friedman-test effect size, with values of ≥0.1, ≥0.3, & ≥0.5 representing 
small, medium, and large, respectively [107].

3. Results
3.1. Descriptive Characteristics and Data Availability

Twenty-eight community-dwelling older women participated (age: 74 ± 5 years; height: 
1.60 ± 0.07 m; body mass: 67 ± 10 kg; BMI: 26.1 ± 3.6 kg·m−2 ). Baseline characteristics are 
presented in Table 3. No statistically significant baseline differences were detected between 
the intermittent- and continuous-LIPA groups for the measured participant characteristics 
(p > 0.05). Groups were also matched for the proportion classifed as sedentary (71% vs. 
79%). Within the ultrasound sub-sample (n = 24), 0 of 14 participants in the intermittent-
LIPA group and 1 of 10 participants in the continuous-LIPA group were classified as pre-
sarcopenic according to USI.

Table 3. No statistically significant baseline differences between groups were detected.

Independent Samples t-Test or Mann–Whitney U Test

Intermittent 
LIPA (n = 14)

Continuous 
LIPA (n = 14)

Mean Difference
(95% Confidence Interval)

p 
Value

Effect Size
(Cohen’s d/Pearson’s r *)

Age (y) 74 ± 5 73 ± 6 0.9 (−3.2, 4.9) 0.67 0.16
Weight (kg) 69 ± 11 66 ± 9 −0.02 (−0.07, 0.04) 0.51 0.25

BMI (kg·m−2 ) 26.9 ± 3.6 25.3 ± 3.6 3.1 (−4.7, 10.9) 0.42 0.31
Waist (cm) 95 ± 12 91 ± 6 1.59 (−1.22, 4.39) 0.26 0.44
Hip (cm) 100 ± 7 100 ± 8 4.4 (−2.8, 11.6) 0.22 0.48

Waist:hip ratio 0.95 ± 0.08 0.91 ± 0.06 0.8 (−5.1, 6.6) 0.79 0.10
Waist:height ratio 0.60 ± 0.06 0.56 ± 0.05 0.03 (−0.02, 0.09) 0.21 0.49
Polypharmacy (n) 2 ± 4 0 ± 1 1 (0, 2) 0.09 0.34 *
FRAT (number of 

positive responses) 1 ± 1 1 ± 1 0 (0, 1) 0.45 0.15 *

BMI; Body mass index, FRAT; Falls risk assessment tool, LIPA; Light-intensity physical activity, * 
represents a Pearson’s r effect size.

However, the absence of statistically significant differences should not be interpreted 
as evidence that the groups were necessarily equivalent.

Complete pre–post 30STS data were available for all 28 participants. Data across 
all three assessment points were available for 22 participants for 30STS performance and 
19 participants for STS repetition-duration outcomes. Complete pre–post ultrasound and 
repetition-duration data were available for 24 participants.

Participants with complete data within the n = 22 sub-sample (STS repetition data 
across all three assessment points) had a signficiantly greater (t(26 ) = 2.52, p = 0.033, 
d = 1.04, 95% CI: −0.11, −0.00) waist:height ratio at baseline (0.59 ± 0.05) compared to 
the participants with missing data (n = 6, 0.54 ± 0.05). A significant baseline difference 
(Mann–Whitney U = 24, p = 0.017, r = 0.51, 95% CI: −5.00, −0.00 repetitions) in 30STS 
repetition number was found between intermittent (n = 12, 13 ± 3) vs. continious LIPA 
(n = 10, 16 ± 4) within the n = 22 sub-sample.

A significant baseline difference (Mann–Whitney U = 34, p = 0.036, r = 0.43, 95% CI 
−5.00, −0.00 repetitions) in 30STS repetition number was found between intermittent 
(n = 14, 14 ± 4) vs. continuous LIPA (n = 10, 16 ± 5) within the n = 24 sub-sample.

Participants with complete data within the n = 19 sub-sample (STS repetition-duration 
data across all three assessment points) had a signficiantly greater (t(26 ) = 2.46, p = 0.021, 
d = 1.00, 95% CI: −0.10, −0.01) waist:height ratio at baseline (0.59 ± 0.06) compared to 
the participants with missing data (n = 9, 0.54 ± 0.04). A significant baseline difference 
(Mann–Whitney U = 16, p = 0.028, r = 0.51, 95% CI −6.00, −0.00 repetitions) in 30STS 
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repetition number was found between intermittent (n = 12, 13 ± 3) vs. continious LIPA 
(n = 7, 16 ± 6) within the n = 19 sub-sample.

All other outcomes examined (see Table 3) in each sub-sample were not significantly 
different at baseline (p > 0.05).

3.2. Diary-Based Intervention Adherence
In the intermittent group, the self-reported number of prompts which the participants 

reported as complying with exhibit a significant main effect of time (Friedman χ2  = 6.45, 
p = 0.04, W = 0.23). Post hoc testing revealed a significant difference between the number 
of self-reported compliant prompts between week 4 (7 ± 9) and week 8 (6 ± 8) (Wilcoxon 
signed-rank: Z = −2.51, p = 0.012, r = 0.67, 95% CI: −6, −1 prompts), and between week 1 
(9 ± 12) and week 8 (Wilcoxon signed-rank: Z = −2.66, p = 0.008, r = 0.71, 95% CI: −8, −2 
prompts), but not between week 1 and week 4 (Wilcoxon signed-rank: Z = −1.07, p = 0.29, 
r = 0.25, 95% CI: −5, 2 prompts).

The self-reported number of prompts which the intermittent participants reported as 
not complying with did not exhibit a significant main effect of time (Friedman χ2  = 2.17, 
p = 0.34, W = 0.08).

The total number of self-reported prompts reported by the intermittent participants 
exhibited a trend toward a significant main effect of time (Friedman χ2  = 5.8, p = 0.055, 
W = 0.21). Similar to the number of compliant prompts, this appears to have been driven 
by a reduction in self-reported prompts between week 4 (14 ± 14) and week 8 (9 ± 14), but 
not a change from week 1 (14 ± 16) to week 4.

Self-reported LIPA time in the continuous group did not exhibit a main effect of 
time (Friedman χ2  = 0.39, p = 0.82, W = 0.02), and remained ~345–350 min per week 
(~49–50 min per day on average) across the 8-week intervention. Days reported as ‘NO’ 
to performing a continuous self-reported LIPA bout did not exhibit a main effect of time 
(Friedman χ2  = 0.90, p = 0.64, W = 0.04), and remained ~0 days across the 8-week inter-
vention. Days reported as ‘YES’ to performing a continuous self-reported LIPA bout did 
not exhibit a main effect of time (Friedman χ2  = 0.63, p = 0.63, W = 0.04), and remained 
~7 days across the 8-week intervention.

3.3. Objectively Measured Physical-Behaviour Changes
Sedentary behaviour exhibited a significant main effect for time (F2,50  = 5.2, p = 0.009, 

np2  = 0.17), without a significant group x time interaction (F2,50  = 1.2, p = 0.32, np2  = 0.05) 
(please see Figure 4). Post hoc testing revealed a significant difference between 0 to 8 weeks 
(p = 0.03, 95%CI: −1.03, −0.04 h/24 h), a trend between 0 and 4 weeks (p = 0.06, 95%CI: 
−0.77, 0.02 h/24 h), and no significant difference between 4 and 8 weeks (p = 1.00, 95%CI: 
−0.58, 0.26 h/24 h).

Changes in MVPA differed between the intervention groups. Between-group com-
parisons of average internal change (Mann–Whitney U = 51.5, p = 0.054, r = 0.37, 95% CI: 
−19%, 0%) and trajectory shape (Mann–Whitney U = 51.5, p = 0.054, r = 0.37, 95% CI: 
−50%, 10%) exhibited a trend toward a significant difference between the LIPA patterns. 
Such trends suggest that the continuous group exhibited a greater magnitude of average 
internal change vs. intermittent (6 ± 24% vs. 2 ± 16%). However, the trajectory shape 
further suggested an early increase in MVPA (i.e., 0–4 weeks) in the continuous group 
(19 ± 46%), in contrast to the intermittent group (−13 ± 40%). When both groups were 
considered together, MVPA did not show an overall effect of time (Friedman χ2  = 0.52, 
p = 0.77, W = 0.10).

Standing (Friedman χ2  = 4.60, p = 0.10, W = 0.09) and average SB bout length (Fried-
man χ2  = 4.67, p = 0.097, W = 0.09) exhibited trends towards main effects of time. Average 
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SB bout length reduced from ~31 min in both groups at 0 weeks to <30 min at weeks 4 
and 8. LIPA exhibited a trend toward a significant between-group comparison of average 
internal change (Mann–Whitney U = 51.5, p = 0.054, r = 0.37, 95% CI: −13%, 0%), but not 
trajectory change (Mann–Whitney U = 72.5, p = 0.38, r = 0.17, 95% CI: −44%, 23%). The 
continuous group exhibited greater internal change vs. intermittent (10 ± 11% vs. 2 ± 9%).

Figure 4. Time-course changes in sedentary behaviour (hours/24 h). * Represents a significant main 
effect of time.

3.4. Thirty-Second Sit-to-Stand Performance
In the complete pre–post sample (n = 28), the number of repetitions completed during 

the 30STS increased from 14 ± 4 to 17 ± 5 repetitions in the intermittent-LIPA group and 
from 16 ± 4 to 18 ± 6 repetitions in the continuous-LIPA group. The overall pre–post 
change was statistically significant (Wilcoxon signed-rank: Z = −3.36, p < 0.001, r = 0.63, 
95% CI: 1,3 repetitions). The magnitude of change did not differ significantly between 
groups (Mann–Whitney U = 72.5, p = 0.25, r = 0.22, 95% CI: −6%, 21%).

Among participants with data at all three time points (n = 22), 30STS performance 
differed significantly over time (Friedman χ2  = 10.46, p = 0.005, W = 0.24). Pairwise compar-
isons indicated improvement between baseline and week 8 (Z = −3.04, p = 0.002, r = 0.65, 
95% CI: 1, 3 repetitions) and between weeks 4 and 8 (Z = −2.39, p = 0.02, r = 0.51, 95% CI: 
1, 2 repetitions) (please see Figure 5). The difference between baseline and week 4 was not 
statistically significant (Z = −1.78, p = 0.076, r = 0.38, 95% CI: 0, 2 repetitions). Composite 
metrics (mean internal change, trajectory shape) accounted for baseline differences in 30STS 
number. Between-group comparisons of average internal change (Mann–Whitney U = 35, 
p = 0.11, r = 0.35, 95% CI: −20%, 12%) and trajectory shape (Mann–Whitney U = 25, 
p = 0.63, r = 0.11, 95% CI: −19%, 15%) did not identify a significant difference between the 
LIPA patterns.

3.5. Sit-to-Stand Repetition Duration
Within the pre–post sub-sample (n = 24), mean STS repetition duration across the 

first 10 repetitions decreased significantly from baseline to week 8 (Wilcoxon signed-rank: 
Z = −2.39, p = 0.02, r = 0.49, 95% CI: −0.23, −0.02 s). The magnitude of change did not 
differ between groups (Mann–Whitney U = 62.00, p = 0.67, r = 0.1, 95% CI: −18%, 60%). 
Individual repetition duration also decreased significantly for repetitions 1–4, 6–7 and 9–10 
(all p < 0.05). Repetition 5 showed a trend towards an effect of time (F(1.00,22.00 ) = 4.04, 
p = 0.057, np2  = 0.16, Huynh–Feldt-corrected), whereas repetitions 8 (F(1.00,22.00 ) = 0.82, 
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p = 0.38, np2  = 0.04, Huynh–Feldt-corrected) and 9 (F(1.00,22.00 ) = 2.29, p = 0.14, np2  = 0.09, 
Huynh–Feldt-corrected) did not change significantly (Supplementary Figure S1).

Figure 5. Time-course changes in sit-to-stand ability assessed over 30 s. * Represents a significant 
pairwise difference between weeks 4 and 8.

The only fatigability outcome to change significantly over time was the difference in 
duration between repetitions 7 and 8 (Wilcoxon signed-rank: Z = −2.45, p = 0.01, r = 0.5, 
95% CI: 0.02, 0.13 s). However, the relative change in this outcome did not differ between 
the intermittent- and continuous-LIPA groups (Mann–Whitney U = 70.00, p = 1.00, r = 0.01, 
95% CI: −175%, 117%).

In the sub-sample with data at all three assessment points (n = 19), repetitions 3 
(F(2,34 ) = 4.8, p = 0.02, np2  = 0.22) and 7 (F(2,34 ) = 3.3, p = 0.049, np2  = 0.16) showed a 
significant main effect of time (Please see Figure 6A,B). However, pairwise comparisons 
indicated no significant post hoc differences between time points.

Figure 6. Time-course changes in sit-to-stand repetition duration. Panels (A–D) represent changes in 
duration for repetitions 3, 7, 10, and the average of 10, respectively. * Represents a significant main 
effect of time.
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Repetition 10 (F(2,34 ) = 3.2, p = 0.053, np2  = 0.16) and mean repetition duration across 
the first 10 repetitions (F(1.73,29.38 ) = 3.42, p = 0.053, np2  = 0.17, Huynh–Feldt-corrected) also 
showed trends towards effects of time (Please see Figure 6C,D). Descriptively, the reductions 
appeared to occur predominantly between baseline and week 4, with comparatively little 
further change between weeks 4 and 8. No significant group × time interactions were 
observed for any repetition-duration outcome (p > 0.05).

3.6. Ultrasound-Derived Outcomes
A significant baseline difference (t(22) = −2.472, p = 0.022, d = 1.02, 95% CI: −0.59, 

−0.05) was found between intermittent (n = 14, 3.38 ± 0.29) and continuous LIPA (n = 10, 
3.72 ± 0.35) for USI. After accounting for baseline differences between groups, USI ex-
hibited a significant main effect of time (F(1.00,21.00 ) = 9.87, p = 0.005, np2  = 0.32, Huynh–
Feldt-corrected). USI further demonstrated a significant group × time interaction effect 
(F(1.00,21.00 ) = 4.73, p = 0.04, np2  = 0.18, Huynh–Feldt-corrected). USI decreased from 
3.38 ± 0.29 to 3.33 ± 0.56 in the intermittent-LIPA group and increased from 3.72 ± 0.35 to 
3.84 ± 0.54 in the continuous-LIPA group (Please see Figure 7).

Figure 7. Time-course changes in ultrasound sarcopenia index. *× Represents a signficant group ×
time interaction effect.

No other ultrasound-derived outcome showed a statistically significant time effect, 
group × time interaction or between-group comparison of relative change (p > 0.05).

3.7. Exploratory Associations
Exploratory correlations examined associations between absolute changes in ultrasound-

derived outcomes and STS repetition-duration outcomes. In the pre–post sample (n = 24), 
no associations involving absolute changes remained significant after Bonferroni correc-
tion in either the pooled sample (n = 24) or the intervention groups analysed separately. 
In the time-course sub-sample (n = 19), none of the trajectory-shape associations sur-
vived correction. Twelve correlations were examined using mean interval change, with a 
Bonferroni-adjusted significance threshold of (p < 0.0042). Within the intermittent-LIPA 
group (n = 12), a change in echo intensity at 25% of GL length was positively associated with 
the mean interval change in the repetition 7–8 duration difference (r_s = 0.82, p = 0.001). 
This group-specific exploratory association is presented in Supplementary Figure S2, with 
the complete correlation results reported in Supplementary Table S1.
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4. Discussion
Our results demonstrate that displacing SB with LIPA in older women improves over-

all 30STS performance and mean STS repetition duration, irrespective of the prescribed 
LIPA pattern. The time-course findings further suggest that temporal adaptations may 
begin earlier than improvements in the total number of repetitions completed. As such, 
the first hypothesis was supported: both intermittent and continuous LIPA improved STS 
performance. Although no difference was detected between the intervention patterns, this 
finding is practically important because accumulating LIPA intermittently may offer a feasi-
ble alternative for older adults who cannot accommodate a continuous daily activity bout. 
The second hypothesis was broadly supported, as the time-course analyses showed trends 
consistent with earlier changes in repetition duration. However, the corrected baseline–
week 4 comparisons were not statistically significant and therefore do not confirm that 
repetition-duration adaptations preceded improvements in total 30STS repetitions. The 
third hypothesis, concerning associations between ultrasound-derived adaptations and 
STS outcomes, found an association between GL echo intensity at 25% of muscle length 
changes and the change in one measure of fatiguability. Furthermore, USI exhibited a group-
dependent change over time, decreasing in the intermittent-LIPA group but increasing in 
the continuous-LIPA group.

Our results demonstrate that displacing SB with LIPA in older women improved 30STS 
performance by approximately 2–3 repetitions over eight weeks. This exceeds the minimal 
detectable change of 1 repetition determined in older adults [108], and is comparable to 
the minimal clinically important difference of 2 repetitions observed in clinical popula-
tions [109]. This suggests that such a change is both statistically significant and potentially 
clinically relevant. These findings suggest that practice effects may be limited following 
familiarisation, but they do not exclude repeated-testing effects over the present eight-week 
period. Accordingly, although the magnitude of improvement was potentially clinically 
relevant, it cannot be attributed exclusively to the LIPA interventions. The absence of a differ-
ence between the prescribed LIPA patterns is consistent with a previous study reporting no 
difference in STS-related outcomes (30STS and 1STS) when LIPA was prescribed in either a 
continuous or accumulated manner to displace SB [70]. Importantly, intermittent LIPA may 
therefore offer a practical alternative for older adults who find it difficult to accommodate a 
continuous daily activity bout. This further supports the ability of light-intensity activity to 
improve physical function in older adults [63–68,70,71].

The current results also provide novel insights concerning the time course of change 
in 30STS performance. Although improvement from baseline to week 4 approached sig-
nificance, statistically significant improvements were evident at week 8, suggesting that 
functional adaptation may begin earlier but becomes more consistently detectable following 
eight weeks of SB displacement with LIPA. A recent systematic review identified a large 
effect size on STS performance following 12–16 weeks of progressive resistance exercise in 
older adults [110]. Chair-based exercise (i.e., remaining seated and more stable), which 
may be suitable for frail or deconditioned older adults [111], produces a mean improvement 
of ~2.3 reps over 14–15 weeks [112]. Although, comparisons between different studies 
and populations require caution, the present home-based LIPA intervention produced a 
similar magnitude of improvement over eight weeks and required little equipment or direct 
supervision. Older adults exhibit poor lifelong adherence to MVPA [44,45], and report 
lack of equipment/knowledge [48–50], travel infrastructure [52] and supervision [51] as 
barriers. LIPA may therefore provide a more accessible home-based approach to improving 
physical function, particularly for older adults unable or unwilling to undertake structured 
MVPA [47].
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Displacing SB with LIPA significantly reduced mean repetition duration across the 
first 10 repetitions of the 30STS, irrespective of the prescribed pattern. This extends the 
improvement in total repetitions by demonstrating enhanced temporal performance during 
individual sit-to-sit cycles. The time-course analyses suggested that these adaptations may 
begin earlier than improvements in overall 30STS performance: changes in repetitions 3 & 7, 
together with trends for repetition 10 and mean repetition duration, were predominantly 
observed during the first four weeks, with comparatively little subsequent change. How-
ever, because evidence from the corrected baseline-to-week-4 comparisons was limited, this 
early adaptation should be interpreted cautiously. The pressure-sensor method quantified 
complete sit-to-sit duration and could not distinguish concentric from eccentric phases or 
directly measure movement velocity or power. Nevertheless, improved STS temporal perfor-
mance may be functionally important, given the reported associations of STS velocity and 
power with physical performance [24], injurious/recurrent fall risk [15], and frailty [14].

To our knowledge, this is the first study to examine individual repetition durations and 
inter-repetition changes during the 30STS. The only fatigability-related outcome to change 
significantly was the difference in duration between repetitions 7 and 8, with no difference in 
this change between the LIPA patterns. However, an isolated change between two adjacent 
repetitions cannot establish improved fatigue resistance, particularly because repetition 8 
duration itself did not change significantly. This finding should therefore be regarded as 
exploratory and requires confirmation using methods specifically designed to quantify fatiga-
bility across the complete STS task. Nevertheless, further investigation is warranted because 
lower-limb fatigability is associated with falls risk [33–35]. STS transitions account for a 
substantial proportion (41%) of falls among care home residents [31], and postural transfers 
are performed frequently during daily life (~39–49 on average every day [32]). As such, 
fatigue resistance is an important functional improvement following LIPA in older adults.

USI demonstrated a pattern-dependent response, decreasing in the intermittent-LIPA 
group but increasing in the continuous-LIPA group. USI has been proposed as an indicator 
of sarcopenia presence and severity because it expresses VL fascicle length relative to muscle 
thickness [73,74]. Neither fascicle length nor muscle thickness changed significantly when 
analysed separately, suggesting that USI may detect coordinated small changes in muscle 
geometry that are not apparent from either component alone [73]. Sarcopenia is mostly due 
to a loss of sarcomeres in parallel (i.e., muscle thickness) rather than to a loss of sarcomeres 
in series (i.e., muscle length) [73], meaning a greater USI (i.e., greater Lf: Mt ratio) is 
representative of a disproportionate loss of type 2 muscle fibres [113–115]. Interestingly, 
this also appears to be dependent on the pattern of prescribed LIPA, given that intermittent 
LIPA reduced USI over time (−1%), whereas continuous LIPA increased it (4%). This 
result appears to suggest that frequently interrupting SB with LIPA in older adults leads 
to a gain of sarcomeres in parallel, which is not present when LIPA replaces SB in a single 
continuous bout. However, these findings do not provide direct evidence of hypertro-
phy or changes in the number or arrangement of sarcomeres. The response nevertheless 
complements previous evidence associating more fragmented sedentary behaviour with 
markers of sarcopenia [116], muscle morphology [117] and physical function [70,71]. The 
divergent USI response may reflect the greater specificity of the intermittent-LIPA pattern 
to knee-extensor loading. Participants in this group repeatedly transitioned from sitting to 
standing throughout the day, potentially providing a more frequent quadriceps stimulus 
than continuous LIPA. Chair-rise exercise has previously been shown to load the quadriceps 
muscles [59] and increase quadriceps muscle thickness [118]. This repeated loading could 
therefore preserve or increase VL muscle thickness relative to fascicle length, resulting in a 
lower USI, whereas continuous LIPA may provide a less specific stimulus to VL geometry. 
Nevertheless, because the individual USI components did not change significantly and the 
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analysis involved a small sub-sample, this mechanism remains speculative and a chance 
finding cannot be excluded.

However, because 96% of this small sub-sample (n = 24) were considered as non-
sarcopenic at baseline, with average baseline USI ~3.53 comfortably below the threshold 
of non-sarcopenic (<4.23) at baseline [73], the physiological and clinical significance of 
the observed USI changes remains uncertain and should be examined in older adults 
with greater frailty or sarcopenia, in whom LIPA interventions may offer greater scope for 
adaptation [67,68].

Contrary to the third hypothesis, the initial exploratory analyses did not identify 
associations between changes in ultrasound-derived outcomes and STS repetition duration 
that remained significant after correction for multiple testing. The present findings therefore 
do not support the conclusion that improvements in STS performance were mediated by 
changes in muscle morphology or tissue quality. This differs from previous evidence 
associating greater VL muscle thickness with better 5STS performance in older adults [72], 
but may reflect the small sub-sample, the relatively short intervention and the low prevalence 
of sarcopenia at baseline.

The exploratory analysis indicated that within the intermittent group only, the change 
in echo intensity at 25% of GL length was positively associated with the mean interval change 
in the difference between repetition 7 and 8 (Bonferroni corrections applied to p values, with 
12 comparisons corrected for (0.05/12 = 0.0042). However, this finding should be viewed as 
hypothesis-generating and should not be interpreted as evidence of mediation, particularly 
given the small sub-sample and number of associations examined. Nevertheless, it may 
warrant further investigation. Previous evidence indicates that the association between SB 
and adiposity is attenuated after accounting for LIPA [119]. Accumulated physical activity 
has also been reported to produce greater improvements in adiposity than continuous 
activity [120], while shorter LIPA bouts have been associated with lower adiposity [121]. 
Ultrasound echo intensity has been used as an indicator of intramuscular fat [122] and 
has been associated with diminished physical function in older adults [123], including 
slower 5STS performance (explaining 23–35% of the observed variance) [72]. Previous 
evidence has shown that intramuscular fat disproportionately displaces contractile tissue to 
a greater extent in distal compared to proximal muscle regions following specific types of 
muscle dystrophy [124,125]. Such research supports a site-specific echo-intensity change, 
whereby unaccustomed distal sarcomeres undergo greater adaptation, due to increased 
distal loading with greater exercise intensity/duration [126]. The physiological significance 
of any site-specific association observed here remains uncertain and requires confirmation 
using direct measures of muscle composition and a larger sample.

Strengths and Limitations
A key strength of this study was the direct comparison of two pragmatic patterns of 

replacing SB with LIPA. Repeated assessment enabled the time courses of overall 30STS 
performance and individual repetition duration to be examined, while objective physical-
behaviour monitoring and ultrasound provided complementary behavioural and physio-
logical outcomes. The analysis of individual sit-to-sit cycles also extends conventional use 
of the 30STS beyond the total number of repetitions completed.

Focusing the functional assessment on the 30STS reduced participant burden across 
repeated functional and ultrasound assessments and extended accelerometer monitoring; 
however, the absence of a broader physical-fitness battery limits the generalisability of the 
findings to other fitness components.

The number of self-reported complied prompts decreased in the intermittent-LIPA group; 
however, the total number of prompts and average sedentary-bout duration also decreased. 
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The lower number of complied prompts may therefore reflect either reduced adherence or 
fewer qualifying sedentary bouts as participants interrupted SB before receiving a prompt. 
Because the two interventions required different adherence measures, their comparative 
feasibility cannot be determined directly. Nevertheless, both patterns were associated with 
similar functional changes over eight weeks, supporting intermittent LIPA as a potential 
alternative for individuals unable to accommodate a continuous daily bout. Longer-term 
studies using comparable measures of acceptability and adherence are required.

Several limitations should nevertheless be acknowledged. The modest sample size 
was further reduced for some outcomes by missing data, limiting precision, particularly for 
group-specific and exploratory analyses. Missing data meant that up to 32% data loss was 
observed from the original sample (n = 28 to n = 19). However, only a baseline difference 
in waist:height ratio was observed between participants with complete vs. incomplete data 
in the n = 22 and n = 19 sub-samples, with similar average values reported across groups 
in both sub-samples (0.59 vs. 0.54). Whilst this could indicate that those with missing 
data systematically differed from those who were included, no other baseline differences 
were detected, although the small sub-samples limited the ability to identify systematic 
differences. Furthermore, average waist:height values of 0.54–0.59 place participants with 
and without missing data in the same risk category of ‘increased central adiposity’ between 
0.5 to 0.59 [127]. Accordingly, a baseline difference in 30STS repetition number was observed 
between intermittent and LIPA groups, in the n = 22, n = 24, and n = 19 sub-samples, with 
similar average values reported across groups in all sub-samples (intermittent: ~13–14 vs. 
continuous: ~16). Baseline differences in 30STS performance were observed within the sub-
samples; where applicable, these were addressed using ANCOVA, while the non-parametric 
raw-data analyses were supplemented by between-group comparisons of the composite 
metrics (mean internal change and trajectory shape) derived from relative changes.

Although familiarisation was undertaken and previous studies suggest that STS learn-
ing effects may be modest, [17,128,129], the absence of a non-intervention control group 
means that intervention effects cannot be fully separated from temporal or repeated-testing 
effects, although familiarisation was undertaken before baseline assessment. The improve-
ments observed should therefore be interpreted as intervention-associated rather than 
definitively attributable to LIPA.

The pressure-sensor method quantified complete sit-to-sit duration but could not 
distinguish concentric and eccentric phases or directly measure velocity and power. Fur-
thermore, whilst exclusive analysis of the first 10 repetitions was methodologically justified, 
this approach characterises only the earlier portion of the 30STS and may not capture fatiga-
bility emerging later in the test, particularly among higher-performing participants. Future 
studies should analyse the complete task or compare normalised early, middle and late 
phases of each participant’s performance.

Finally, the findings apply most directly to community-dwelling women aged 65–85 
years who were predominantly non-sarcopenic and undertook the specified LIPA inter-
ventions for eight weeks. They should not be assumed to generalise to men, older adults 
with greater frailty or sarcopenia, or interventions using different LIPA doses, durations, or 
accumulation patterns. The exploratory correlation analyses should also be regarded as 
hypothesis-generating.

5. Conclusions
In this small sample of older women, eight weeks of intermittent and continuous LIPA 

were associated with potentially clinically meaningful improvements in 30STS performance 
and reduced mean repetition duration, with no detectable difference between patterns. 
Time-course trends suggested that repetition duration changes may emerge earlier than 
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improvements in total repetitions, although this temporal ordering was not confirmed 
statistically. USI responded differently between LIPA patterns, and one group-specific 
exploratory ultrasound–STS association survived multiplicity correction; however, the find-
ings do not establish that morphological adaptations mediated the functional improvements. 
Importantly given the absence of a non-intervention control group and the women-only 
sample, intermittent LIPA may offer a practical alternative for older women unable to 
accommodate a continuous daily activity bout, but larger controlled studies are required.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jfmk11040461/s1, Figure S1: Pre-post changes for the first 10 indi-
vidual repetitions performed in the 30 s sit to stand test. Figure S2 Associations between the absolute 
changes in echo intensity at 25% of GL muscle length (x axis, expressed as AU), and the average 
internal change in the inter-repetition difference between 7 & 8 (y axis, expressed as %), in intermittent 
LIPA. Negative changes on the y-axis represent reduced inter-repetition difference, whereas positive 
changes represent increased inter-repetition difference. Table S1: Summary of the statistical analyses 
applied to study outcomes. Analyses were selected according to the number of assessment points, 
distributional assumptions, baseline group differences and availability of complete outcome data.
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