Sit-to-stand test emerges as a powerful
prognostic factor of future health
outcomes: different versions,
measurement properties and

future perspectives
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A PROGNOSTIC FACTOR OF MULTIPLE
LONG-TERM CONDITIONS

It is well known that muscular strength
is a marker of future health, but it is
unclear which simple field-based muscular
strength tests provide the strongest prog-
nostic value for long-term health condi-
tions. A recent meta-analysis focused on
adults (aged 18-64 years) and older adults
(aged =635 years) published in the British
Journal of Sports Medicine' concluded
that the handgrip strength test is the most
studied in prospective cohort studies
(n=145) and has a strong prognostic value
of multiple health outcomes. However,
it has been argued that the handgrip
strength test might have a low responsive-
ness to usual resistance training interven-
tions involving major muscle groups,” *
limiting its sensitivity to detect changes in
muscular strength and therefore its useful-
ness in research, clinical or sport-oriented
interventions. The same meta-analysis
also identified the second most used test
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in prospective studies (n=36), the sit-to-
stand test (STS). Interestingly, the STS was
found to be highly predictive of multiple
health conditions, including a lower risk
of type 2 diabetes mellitus, musculo-
skeletal impairment, disability, depres-
sion and dementia. In this editorial, we
discuss the different versions of the STS,
their measurement properties (reliability,
validity and responsiveness) and future
perspectives.

DIFFERENT VERSIONS
The most commonly used STS versions are
the 30-seconds STS (30s-STS), included in
the Senior Fitness Test Battery,* and the
S-repetitions STS (5rep-STS), included in
the Short Physical Performance Battery,’
the Index of Mobility Limitation® and
the Physical Performance Examination of
the National Health and Nutrition Exam-
ination Survey.” Instructions for testing
and health-related interpretation for the
30s-STS and the Srep-STS are presented
in box 1. Both versions are highly
correlated; for example, in older adults
from the Active Gains in brain Using Exer-
cise During Aging (AGUEDA) trial, the
correlation was 0.75% and in adults from
the Toledo Study for Healthy Ageing in
Middle Age the correlation was 0.88.”
The 30s-STS might have some advan-
tages over the Srep-STS: (1) all partic-
ipants, regardless of the fitness and
weakness level, will perform an effort of
equal duration (ie, 30s); (2) a very frail
person who cannot stand one time from
the chair will still obtain a valid score
of zero in the 30s-STS (and might be
improved with training), whereas they
would obtain a non-valid result in the
Srep-STS. In fact, the 30s-STS was devel-
oped as an alternative to the Srep-STS to
address the ‘floor effect’ experienced by
some participants, which limits its feasi-
bility.* Guralnik et a’ found that 22%

of 5000 community-residing population
were unable to complete a single repeti-
tion. On the other hand, our meta-analysis
revealed that the Srep-STS has been more
frequently used in prospective cohort
studies (30 out of 36 included studies), and
therefore it has more supporting evidence
as a prognostic factor. Nevertheless,
since both versions are highly correlated
(r=0.75and 0.88 in older adults® and
middle-aged adults,” respectively), the
association with future health outcomes
is likely to be similar. Moreover, the four
prospective studies using the 30s-STS also
found significant associations with several
health outcomes.®

RELIABILITY

The test-retest reliability of the Srep-STS
has been extensively studied in adults and
older adults. Bohannon et al'® conducted
a systematic review in older adults and
found an average intraclass correlation
coefficients (ICCs) of 0.81 from 10 studies.
We conducted another systematic review''
and determined that this test had good to
high test-retest reliability (ICCs=0.83—
0.94) in adults. Mufioz Bermejo et al?
also carried out a systematic review
including both healthy and pathological
adults and older adults and concluded that
the Srep-STS had good to high reliability
(ICCs=0.75-0.99), regardless of age and
health status. Similarly, the 30s-STS has
shown good to high test-retest reliability
(ICCs=0.80-0.99,""° r=0.82-0.89 '¢ 1)
in healthy older adults. However, only
two studies analysed the reliability of this
test in adults, reporting low (ICC=0.52)"
to high (ICC=0.94)"® reliability.

CRITERION VALIDITY

A recent systematic review'’ observed that
only two studies®® ' have analysed the
criterion-related validity of the Srep-STS,
using the peak leg extensor strength as a
criterion. These studies were performed
in middle-aged and older adults (aged 50
years and older) and showed moderate
validity (r=—-0.6, p<0.05).2°?! Likewise,
only one study evaluated the criterion-
related validity of the 30s-STS in older
adults (aged 65-75 vyears), reporting
higher validity (r=0.8, p<0.05)."® Further
criterion-related  validity =~ studies are
warranted.

RESPONSIVENESS TO INTERVENTIONS

Another important measurement prop-
erty when choosing a field-based fitness
test is its responsiveness or longitudinal
validity (ie, ability to detect changes over
time). A recent meta-analysis® identified
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Box 1 Instructions for testing and health-related interpretation for the 30s-STS

and the 5rep-STS.

Overall description of the 30s-STS and 5rep-STS

The 30s-STS consists of recording the number of STS repetitions completed within 30

s. From a standardised starting position and upon the command ‘ready, set, go’, the
participant is instructed to perform as many STS repetitions as possible, moving from a
seated position (with the buttocks in contact with the chair) to a fully upright standing
position. The participant is permitted to pause briefly or stop the test if necessary. The
total number of correctly completed repetitions within the 30 s (more than halfway up at
the end of 30's counted as a full stand) is recorded.

The 5rep-STS consists of recording the time required (in seconds:hundred) to complete
five repetitions. From a standardised starting position and upon the command ‘ready,
set, go’, the participant is instructed to stand up and sit down five times as quickly as
possible, moving from a seated position (with the buttocks in contact with the chair)
to a fully upright standing position and sit down again. The time is stopped when the
participant sits down after five complete cycles. The total time required to complete the
five repetitions is recorded.

Instructions for testers

= Standardised starting position: The participant starts from a seated position on a
standardised armless chair (seat height: 43—48 cm)* with the back straight, arms
crossed over the chest and feet placed approximately shoulder-width apart and flat on
the floor.

= The chair, with rubber tips on the legs, must be placed against a wall to prevent it from

moving during the test.

Prior to testing, the tester provides a standardised demonstration.

Participants can complete one to two familiarisation trials with a 30—60's rest period

before the final test.

Standardised verbal encouragement is provided throughout the test.

The participant is instructed to fully sit down (with the buttocks in contact with the

chair) and to achieve full extension of the knees and hips when standing.

= Use of the arms to assist the movement is not permitted, and any incorrectly
performed repetition is not counted (ie, failure to touch the chair with the buttocks or
to fully extend the knees and hips).

= If the participant performs one incorrect repetition, the tester should provide verbal
correction. If incorrect execution persists, the test should be interrupted, clear
explanations and demonstrations provided, and the test repeated after a 3-min
recovery period.

= Each test is performed twice, with the best performance recorded. A 3-min rest period
will be provided between attempts for recovery.

(I}

{1}

Interpretation: health-related cut-off points
The 30s-STS:
= <8 repetitions: increased dependency in activities of daily living in older adults.”®
The 5rep-STS:
= >12-14 s: elevated functional impairment in older adults.?’
= >12.8 s: higher risk of mobility limitation, disability, frailty and falls in older adults.?®
= >13.63 s in males and >12.67 s in females: reduced gait speed in older adults.”®
Taking together the three studies cited above, a pragmatic cut-point of 12 s or higher can
be used as a marker of poorer health outcomes.
Relative STS muscle power (30s-STS and 5rep-STS):
= <2.6 W/kg in males and <2.1W/kg in females: higher risk of mobility limitation, frailty
and reduced gait speed in older adults.” » %%

*There is no consensus on the optimal chair height, with protocols in the literature typically ranging
from 40 to 50 cm. Although an individually adjusted chair height that allows participants to sit with
the knees at approximately 90° would be ideal, height-adjustable chairs are neither practical nor
widely available in most settings. Therefore, based on the available evidence, we recommend using
a chair height between 43 and 48 cm.*® Maintaining a consistent chair height within a study is
essential, particularly when conducting repeated measurements.

#Developed validated algorithms to convert the performance in the STS test (ie, n repetitions or time
to complete n repetitions) into relative muscle power (Wrkg).' 2

30s-STS, 30-second STS; 5rep-STS, 5-repetitions STS; STS, sit-to-stand test.

randomised controlled trials assessing the
effects of exercise interventions on phys-
ical function in older adults. The authors
concluded that exercise interventions
were associated with significant improve-
ments in both the 30s-STS (2.5 repetitions
(95% Crl 2.2 to 2.9); 18 studies, 1117
participants) and the Srep-STS (—=1.9 s
(95% CrI —2.5 to —1.4); 16 studies, 780
participants). These changes are larger
than the minimum clinically important
difference reported for the 30s-STS (ie, 2
repetitions)® but not in the Srep-STS (ie,
2.35).2* In a randomised controlled trial
in older adults,® we observed that after
6-month resistance training, the stan-
dardised score of the 30s-STS increased
two times more than that of the Srep-
STS, compared with the control group
(ie, effect size=0.4vs 0.2, standard devi-
ations, respectively, figure 1). These find-
ings suggest that the 30s-STS seems to
be more responsive to training than the
Srep-STS. Furthermore, we conducted a
3-month exercise programme (including
both aerobic and resistance training)
with a total of 62 non-active adults aged
18-64 years (intervention group, n=31)
to determine the responsiveness of the
most commonly used field-based fitness
tests.” We found that the 30s-STS was
highly responsive, with an increase of 3.2
repetitions and Cohen’s d=1.50. Inter-
estingly, in a recent 3-month randomised
controlled trial, we observed that the
30s-STS is highly specific to resistance
training, responding largely in a group
that did treadmill high-intensity interval
training (HIIT) plus resistance training
(effect size=0.77 vs change in control) but
not in the group that did only HIIT (effect
size=0.05vs change in control).”® Future
studies should confirm or contrast the
higher responsiveness observed in the 30s-
STS over the Srep-STS in adult and older
adult populations.

FUTURE PERSPECTIVES

Clinicians can interpret STS performance
not only as a measure of functional
capacity but also as a prognostic factor
of future health outcomes. In box 1, we
have gathered some of the health-related
cut points that will allow practitioners to
better interpret the test results. Performing
fewer than eight repetitions in the 30s-
STS has been associated with increased
dependency in activities of daily living.*
For the Srep-STS, age-stratified thresh-
olds of approximately 12-14s have been
associated with functional impairment,”’
as well as with a higher risk of mobility
limitation, disability, frailty and falls.”®
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Figure 1

Effects of 24-week resistance training compared with the control group in older

adults. This figure presents original material based on data from the AGUEDA trial.® SMD can be
interpreted as an effect size indicator. 30s-STS, 30-seconds STS; 5rep-STS, 5-repetitions STS; SMD,
standardised mean difference; STS, sit-to-stand test.

These thresholds have also been shown to
discriminate reduced gait speed, a strong
predictor of morbidity and mortality.”’
Moreover, changes in STS performance,
such as a 2-rep improvement in the 30s-
STS* and 2.3 s in the Srep-STS,** have
been proposed as clinically meaningful.

While both STS versions can assess
strength-related physical performance (ie,
squatting speed), the result of the test can
also be used to estimate muscle power.*
Our group has developed validated algo-
rithms to convert STS test performance
(ie, n repetitions or time to complete
n repetitions) into muscle power,31 2 3
robust predictor of functional decline,
hospitalisation and mortality®® and a key
parameter underlying powerpenia, which
is now recognised as a distinct functional
hallmark of ageing.** For interpretation
purposes, clinically meaningful thresh-
olds for muscle power have recently
been provided (box 1). Both the 30s-STS
and the Srep-STS exhibit similar cut-off
points of relative muscle power associ-
ated with mobility limitations, frailty and
reduced gait speed.” * * Specifically,
cut-off points for low relative STS muscle
power were <2.6and 2.1W/kg (men
and women, respectively) in a cohort
of European older adults.”” Conversely,
cut-off points <2.0and 1.6 W/kg (men
and women, respectively) were linked to
recurrent falls and fractures.’” Minimum
relative STS muscle power thresholds of
1.1 and 1.0 W/kg for men and women,
respectively, have also been associated
with severe functional disability.”® Finally,
minimal clinically important differences
in relative STS muscle power correspond
to 0.42 W/kg in men and 0.33 W/kg in
women.”” These thresholds can guide
decisions regarding when to initiate or
intensify interventions, such as lower body
strength and power training, and monitor
the response.

To enhance clinical feasibility in the
eHealth era, this assessment has been
integrated into a smartphone app.’” This
digital solution streamlines diagnos-
tics while unlocking critical capabilities
(eg, remote monitoring and patient self-
assessment). By bridging clinical evalu-
ation with real-world accessibility, such
tools are pivotal for scalable, preventive
strategies against adverse health outcomes
in ageing populations. Further research
that evaluates the impact and validity of
such novel strategies is needed.

CONCLUSION AND PRACTICAL/
CLINICAL APPLICATIONS

The STS has been shown to be a reliable,
valid and clinically relevant (high prog-
nostic capacity) tool to assess lower-limb
performance. The two most frequently
used versions are the Srep-STS and 30s-
STS, and both have been shown to be
reliable and valid. However, while the
Srep-STS has been more frequently used in
prospective studies, the 30s-STS appears to
have some important advantages. Partic-
ularly, its time standardisation, greater
ability to discriminate among different
fitness levels and apparently better respon-
siveness to interventions could make the
30s-STS a better choice, especially when
used in very frail people. Guidelines for
practitioners for standardised assessment
and interpretations are provided in this
editorial. Finally, technological advances
offer new functionalities that can serve to
improve the monitoring of patients/users
and the collection of relevant outcomes
such as muscle power.

Correction notice This article has been corrected
since it published Online First. The expansion for 5rep-
STS has been corrected.
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