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Abstract

Background: Good sit-to-stand (STS) performance is an important factor in maintaining functional independence. This study investigated
whether free-living STS transition volume and intensity, assessed by a thigh-worn accelerometer, is associated with characteristics related to
functional independence.

Methods: Free-living thigh-worn accelerometry was recorded continuously for 3-7 days in a population-based sample of 75-, 80-, and
85-year-old community-dwelling people (479 participants; women 7 = 287, men 7 = 192). The records were used to evaluate the number and
intensity (angular velocity of the STS phase) of STS transitions. Associations with short physical performance battery (SPPB), 5-times-sit-to-
stand test (5xSTS), isometric knee extension force, self-reported fear of falls, and self-reported difficulty in negotiating stairs were also assessed.
Results: The number of STS transitions, mean and maximal angular velocity were lower in older age groups (p < .05). All variables were higher
in men than in women (p < .001) and were positively associated with SPPB total points, knee extension force (r ranged from 0.18 to 0.39, all
p < .001) and negatively associated with 5xSTS (r = =0.13 — =0.24, all p < .05), lower extremity functional limitations (p < .01), fear of falls
(p < .01), and stair negotiation difficulties (p < .01).

Conclusions: Free-living STS characteristics were related to lower-extremity performance, lower extremity functional limitations, self-reported
fear of falls, and stair negotiation difficulties, which can be a sensitive indicator of impending functional decline. Moreover, STS transitions
may provide an indicator of adequacy of lower-limb muscle strength among older individuals.
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Sit-to-stand (STS) transitions are one of the most common activities assessment is based on laboratory measurements, for example, using
of daily life (1) and good STS performance is an important factor in S-times-sit-to-stand test (5xSTS) (5). However, laboratory-measured
maintaining functional independence (2). STS transitions challenge capacity should not be equated to functioning in free-living envir-
the older adult’s balance and might be a cause of falls when the onment when measuring older adults without mobility limitations
ability to transfer from STS is limited (3,4). Usually, STS transitions (6,7), as for example, the full maximal capacity is not always utilized
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This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0003-2232-6047
https://orcid.org/0000-0003-1372-2304
https://orcid.org/0000-0002-0710-0069
https://orcid.org/0000-0002-5205-9616
https://orcid.org/0000-0002-1604-1945
mailto:antti.ej.lopponen@jyu.fi?subject=
https://creativecommons.org/licenses/by/4.0/

Journals of Gerontology: MEDICAL SCIENCES, 2022,Vol. 77, No. 8

1645

in everyday performance. The weakness of the laboratory meas-
urements is that they do not necessarily indicate performance in
free-living environment where human intrinsic capacity and envir-
onmental factors affect participation and activities (8,9). Therefore,
knowledge of behavior in the free-living environment may be of
interest.

The recent miniaturization of technology has made prolonged
recordings of free-living physical behavior feasible (10). Inexpensive
and wearable tri-axial accelerometers have been shown to reli-
ably distinguish body postures and physical activity types (11-13).
Accordingly, accelerometers (typically thigh-worn) have been used
to assess STS transitions in the free-living environment (1). Previous
studies have quantified the volume of STS transitions (ie, number per
day) in the free-living environment using 2 accelerometers (sternum
and thigh) (14,15). Moreover, inertial measurement units have been
used to estimate STS transition duration and power in a laboratory
setting (16,17). Kinematics (angular velocity and vertical velocity)
are more indicative of the mechanical requirements of the STS tran-
sition than just the time taken to complete the transition and hence
could reveal further insight compared to the completion time by
enabling evaluation of the manner of completing the transition (18).
However, the previous free-living STS transition explorations have
typically used transition duration to indicate the intensity of the STS
transition rather than evaluating the kinematics directly (14,15).

Pickford et al. (2019) have evaluated STS transition kinematics
in the free-living environment using a proprietary algorithm to com-
pare peak velocities of STS transitions between stroke survivors and
unaffected peers (19). To the best of our knowledge, there is no pub-
licly available algorithm that can detect STS transitions and quantify
the STS transition intensity by kinematics based on free-living thigh-
worn tri-axial accelerometer records. Therefore, we developed a new
algorithm in the current study to detect and quantify STS transitions
(Supplementary Code).

The purpose of the present study was to explore whether detected
volume and quantified intensity of free-living STS transitions are
associated with lower-extremity performance, self-reported fear of
falling, and stair negotiation difficulties among community-dwelling
75-, 80-, and 85-year-old people. Based on previous research, which
has indicated that limited STS transitioning performance is asso-
ciated with difficulties in stair negotiation, weak knee-extensor
muscles, and high body mass (20-24), we hypothesized a moderate
association between the above mentioned laboratory-based per-
formance characteristics and number and intensity of free-living STS
transitions. In addition, 5xSTS test has been shown to be associated
with the risk of falling (25) which we considered a sufficient justi-
fication to hypothesize an association between fear of falling and
free-living STS performance.

Method

Study Design and Setting

We used data from the AGNES-study (Active Aging—Resilience
and external support as modifiers of the disablement outcome;
n = 1 021), which was conducted in the Gerontology Research
Center, the University of Jyviskyld. AGNES comprises three age co-
horts (75, 80, and 85 years-of-age) of people living independently in
the city of Jyviskyld, in Central Finland. The study protocol has been
published by Rantanen et al. (26) and Portegijs et al. (27), and the
study was approved by the ethical committee of the Central Finland
Health Care District.

AGNES-study participants were asked to participate in labora-
tory measurements, which (7 = 782) were used to develop algorithms
to detect and quantify free-living STS transitions (Supplementary
File). All AGNES-study participants who participated in the labora-
tory testing were also asked for interest in providing a 3-7 days
free-living accelerometry record (7 = 479), which was used to iden-
tify the volume and quantify the intensity of free-living STS transi-
tions. The flow chart of the study has been reported elsewhere (27).
The records were obtained between October 2017 and December
2018. Accelerometry was conducted with a thigh-worn accelerom-
eter (tri-axial accelerometer, which sampled continuously at 100 Hz,
13-bit analog-to-digital conversion, acceleration range +16g, UKK
RM42, UKK Terveyspalvelut Oy, Tampere, Finland) taped on using
a transparent adhesive film for waterproofing on the anterior aspect
of the dominant thigh for 7-10 consecutive days following a home
interview. The accelerometers were taped on by a research assistant
at participants’ home and removed at the research center.

Data Processing

The algorithms were developed using Matlab (R2019b, The
MathWorks Inc., Natick, MA, USA). In the first phase, the magni-
tude (Euclidian norm) of the resultant acceleration for each sampling
instant was calculated from raw accelerometer data. Mean ampli-
tude deviation (MAD) was calculated in nonoverlapping 5 s epochs
based on the magnitude of the resultant acceleration (28).

To identify the instantaneous orientation of the thigh, we calcu-
lated an angle for postural estimation (APE) from resultant acceler-
ation values using the method described by Viha-Ypya et al. (13).
The calculation requires knowing the direction of gravitational pull
when the participant is upright (reference vector). This was defined
as the median of the mean X, Y, and Z accelerations of each con-
tinuous bout >20 s with MAD between 0.035 g and 1.2 g. These
MAD cutoffs were identified from the AGNES-study laboratory
session 6-minute walking test data to include all participants, and
hence, bouts with such characteristics comprise walking. During
walking, the mean orientation of the thigh is upright, and the me-
dian acceleration is equivalent to that caused by the pull of gravity.
The instantaneous acceleration in each of the recorded directions
was low-pass filtered with a 1 Hz zero-lag Butterworth filter, and
APE was subsequently calculated for each time instant as the vector
angle between the instantaneous filtered acceleration vector and the
reference vector. After that, the APE-signal was smoothed with a
4th-order Butterworth zero-lag low-pass filter with a 10 Hz cutoff
frequency. The filtered APE-signal was transferred into a rectangular
signal with a value of 1 when APE < pi/4, and a value of 0 other-
wise. That is, upright thigh posture was assigned 1, and horizontal
0. This rectangular signal was then smoothed with a sliding median
filter of 23 samples to produce the final posture estimation signal.
The 23-sample length for the median filter, as well as the 2 (1 Hz &
10 Hz) Butterworth filter cutoff frequencies were selected based on
experimentation.

STS transitions were thereafter identified as follows: all posture
estimation signal transitions from 0 (horizontal) to 1 (upright) were
considered as candidate STS transitions. A candidate was accepted
as a STS transition if the following 3 criteria were met: (a) the vari-
ance of the magnitude of the resultant acceleration between 2.5 s
and 0.5 s prior to the candidate transition was less than 0.02 g (ie,
the participant had been stationary for at least 2 s prior to the transi-
tion), (b) starting angle of the STS transition (APE signal) was more
than 65 degrees (1.14 rad) and, (c) the movement of the transition
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ended at an angle of less than 35 degrees (0.61 rad). Due to the
variance criterion the algorithm will only detect the first of a set of
STS movements (eg, if a person did continuous seat-based squatting
starting from a seated posture, only the first STS would be included).

The intensity of an identified STS transition was estimated based
on the APE-signal time derivative (ie, angular velocity) as follows:
baseline APE (corresponds to thigh angle prior to standing up) was
established as the mean between 2.5 s and 1.5 s to the identified
transition instant. The last sample at the baseline value prior to the
transition instant was thereafter set as the initiation of the angular
velocity determination. Linear fits were then applied to each data set
from the initiation sample until the transition instant to transition
instant + 0.15 s with one sample length increment. The longest fit
where the square of the last instant of the fit and the APE differed by
less than experimentally determined 0.005 degrees was chosen, and
the slope of the chosen fit is reported as the STS transition intensity.
The STS transitions detection accuracy of the algorithm was exam-
ined using the laboratory session of this study. Prior to the 6-mi-
nute walk test, the protocol included two known STS transitions
that were defined as the ground truth. Ground truth STS transitions
identified by the algorithm were defined as true positives. Ground
truth STS transitions that could not be identified were defined as
false negatives. No false positives were identified, and we did not
attempt to define a true negative. True positives and false negatives
were used to calculate detection accuracy, which ranged between
82.7% and 97.5% depending on the age (better accuracy among
younger age groups compared to older age groups) and sex (better
accuracy among men than women) groups, with an overall accuracy
of 93.3% (Supplementary File). The angular velocity quantification
accuracy of STS transitions at different velocities was good when the
angular velocity detected by the algorithm was compared against 2D
motion analysis (Supplementary Video). In addition, the volume and
intensity of STS transitions monitored by thigh-worn accelerometer
are reproducible from day-to-day to year-to-year (29).

The volume of the STS transitions was determined as the number
of transitions per monitoring day, and the STS transitions mean in-
tensity (mean median angular velocity) was determined as the mean
of daily median transitions. The maximal intensity (maximal angular
velocity) was defined as the median of the ten fastest STS transitions
over the entire monitoring period. No participant exceeded 4 rad/s
in the laboratory, and therefore we filtered out any STS transitions
above 4 rad/s from the data prior to the estimation of the maximum
free-living angular velocity. A total of 79 transitions were removed
due to this, and this was 0.04% of all 182 103 transitions detected
in this data set.

Descriptive Characteristics and Other

Measurements

Age and sex were extracted from the population register, body height
(stadiometer), body mass (digital scale Seca, Hamburg, Germany),
socioeconomical status (self-reported years of education), and cog-
nitive function test (mini-mental state examination, MMSE) were
assessed using standardized procedures (26). Lower-extremity per-
formance was assessed in the laboratory (knee extension force) or
the participant’s home by the short physical performance battery
(SPPB). Maximal knee extension force of the dominant lower limb
with the knee at 60 degrees was measured in a sitting position using
an adjustable dynamometer chair (Metitur LTD, Jyviskyla, Finland).
At least 3 attempts were required, and the highest force was chosen
for the analyses (30). The SPPB comprised tests on standing balance,

walking speed over a 3-m distance, and the 5xSTS (5,31). In this
study, we used the SPPB total score (maximum of 12 points, higher
scores mean better performance) and the time of the 5xSTS test as
outcomes. Good lower extremity function was defined as 11-12
SPPB total points and limited lower extremity function as 10-3 SPPB
total points (32).

Fear of falling was assessed by the question “Are you afraid of
falling?” with 4 response options: never, occasionally, often, and
constantly (33). In this study, “never” was categorized as “No Fear,”
and the rest of the response options were merged into “Yes Fear.”
Difficulties in negotiating stairs were assessed with the question: “Have
you noticed any of the following changes in your ability to ascend a
flight of stairs?” The responses were categorized as “No difficulties,”
“I can ascend a flight of stairs, but I have some difficulties,” “I can as-
cend a flight of stairs, but I have a lot of difficulties,” “I cannot ascend
a flight of stairs without help of another person,” or “I cannot ascend
a flight of stairs even with help.” In the present study, “no difficulties”
were categorized as “No difficulties,” and the rest of the response op-
tions were merged into “Yes difficulties.” No participant reported “I
cannot ascend a flight of stairs even with help.” Self-reported habitual
physical activity was assessed using the Yale Physical Activity Survey
for older adults (8-item). The total score range was 0-137 and higher
scores indicate higher physical activity (34).

Statistical Analyses

Results of STS transitions are reported as mean and standard de-
viation (SD). Associations between variables were tested with
Spearman rank correlation coefficients. Number, mean, and max-
imal angular velocity of STS transitions were categorized into
tertiles group comparisons for 5xSTS time and knee extension force
normalized for body mass. Tertiles (as opposed to quartiles, quintiles,
etc.) were selected to maintain sufficient sample sizes in each group.
Shapiro-Wilk normality test indicated that some of the variables
were not normally distributed, and nonparametric statistical tests
were therefore chosen. Sex and age group differences were analyzed
with Mann—Whitney U (Wilcoxon rank-sum) test for categorical/
dichotomous variables and Kruskal-Wallis test for continuous vari-
ables. Tertiles comparisons were performed using the Kruskal-Wallis
multiple comparison test and the Dunn’s test (Holm-Bonferroni
method) in pairwise comparisons. Sensitivity analyzes between sexes
and age groups were performed between the variables and the self-
reported questions (fear of falling, lower extremity functional limi-
tations, and difficulties in negotiating stairs). Statistical significance
was set at p < .05 (2-tailed), and analyses were performed in the “R”
statistical environment (version 4.1.1) (35).

Results

Descriptive characteristics and free-living STS transitions of the par-
ticipants are presented in Table 1. The number of STS transitions,
mean and maximal angular velocity differed between age groups and
sexes (all p < .001). The 85-year-old women showed 19.6% fewer
STS transitions (p = .005) and 9.2% lower mean (p < .001) and
14.6% lower maximal angular velocity (p < .001) in the free-living
environment compared to the 75-year-old women. The 85-year-old
men showed 18.3% fewer STS transitions (p = .015) and 8.9%
lower mean (p = .012), and 9.4% lower maximal (p = .042) angular
velocity of the STS transitions compared to the 75-year-old men.
The Spearman rank correlation coefficients between variables
are given in Table 2. In the number of STS transitions, mean and
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Table 1. Descriptive Characteristics of the Participants and Results of SPPB, Knee-Extension Force, Volume and Intensity of STS Transitions

in Each Age Group (Mean + Standard Deviation [SD])

75 Years (n = 244) 80 Years (72 = 153) 85 Years (n = 82) p Value* p Value®
Women Men Women Men Women Men Ages Sexes
Variable n=149 n=95 n=2_87 n =66 n=>351 n=31 Women Men
MMSE (points) 27.8+2.2 274=+2.3 27.7 = 1.9 27.1+3.0 26.7+2.8 26.5=2.4 .021 183 .053
Years of education  12.1 = 4.1 12.3 4.5 11.4 = 4.1 11.8 + 3.9 10.3+4.3 10.0 = 4.9 .003 .022 454
YPAS (points) 57.8 +22.6 61.8 £22.6 59.2 +20.2 65.3+27.5 50.2=+20.6 55.8 £24.6 .019 126 .020
SPPB overall 10.5+1.6 10.8 = 1.6 10.4 = 1.8 10.5 +2.0 9222 9.7+1.9 .001 .003 .067
points (points)
Five times STS test  12.4 = 3.4 12.2 + 3.3 12.3 3.5 11.9 = 4.6 14.1 = 4.1 13.9 + 4.8 .029 .048 301
time (s)
Knee extension 44«12 5.8+1.5 42 +1.3 54+14 3.6+1.0 4.8+1.0 <.001 .002 <.001
force (N/kg)
Number of STS 42.8 +16.3 50.4 = 16.8 414=+154 473 +18.8 344=152 41.2 + 14.1 .005 .015 <.001
(no/d)
Mean angular 57.6 8.5 60.6 = 8.8 56.1 8.4 59.8+9.5 523=+7.5 552+9.0 <.001 .012 <.001
velocity (deg/s)
Max angular 109.0 = 18.8  115.9+20.0 106.5+229 112.3+18.6 93.1+14.8 105.0 =20.9 <.001 .042 <.001

velocity (deg/s)

Notes: MMSE = Mini-Mental State Examination; SPPB = Short Physical Performance Battery; STS = sit-to-stand transitions; YPAS = Yale Physical Activity

Survey for older adults.
*Independent-samples Kruskal-Wallis test.
fIndependent-samples Mann-Whitney U test.

Table 2. Spearman’s Correlation Coefficients Between Free-Living Sit-to-Stand Variables, Physical Activity Behavior and Performance Tests

Number of STS (no/d)

Mean Angular Velocity (deg/s) Max Angular Velocity (deg/s)

Variable r p Value r p Value r p Value
Mean angular velocity (deg/s) 0.53 <.001

Max angular velocity (deg/s) 0.50 <.001 0.65 <.001

Five times STS test time (s) -0.13 <.004 -0.18 <.001 -0.24 <.001
SPPB overall points (points) 0.18 <.001 0.24 <.001 0.33 <.001
Knee extension force (N/kg) 0.25 <.001 0.28 <.001 0.39 <.001

Note: SPPB = Short Physical Performance Battery; STS = sit-to-stand transitions. p Value (2-tailed).

maximal angular velocity were positively associated with the SPPB
total points and maximal isometric knee extension force (r ranged
from 0.18 to 0.39 all p < .001) and negatively associated with the
5xSTS test (r = -0.13 = -0.24, p < .05). We also ran the correlation
analyses for sexes and age-groups independently as a sensitivity ana-
lysis, and the correlations did not differ markedly between sexes and
age groups.

Tertiles group comparisons are presented in Table 3. Overall,
the tertiles based on maximal and mean angular velocity of STS
transitions demonstrate more differences between tertile groups in
laboratory-based 5xSTS and knee extension force than tertiles based
on number of STS transitions. This indicates that lower STS transi-
tion velocities are linked to longer 5xSTS time and lower knee exten-
sion force. In particular, the weakest tertile (T1) seems to differ from
the others, while T2 and T3 do not seem to differ from each other.

Individuals who feared falling showed 15.8% fewer STS transi-
tions (p < .001) and had 5.5% lower STS mean angular velocity
(p <.001) and 8.9% maximal angular velocity (p <.001) in free-living
conditions compared to individuals who reported no fear of falling
Figure (1-3). Furthermore, individuals who reported difficulties with
stair negotiation had 16.8% fewer STS transitions (p < .01) and had
6.9% lower STS mean angular velocity (p < .001) and 10.0% max-
imal angular velocity (p < .001) than individuals who reported no

difficulties with stair negotiation Figure (1-3). Individuals who have
lower extremity functional limitations according to SPPB total score
showed 10.8% fewer STS transitions (p < .01) and had 5.8% lower
STS mean velocity (p <.001) and 10.1% maximal angular velocity
(p < .001) in free-living conditions compared to individuals who
do not have lower extremity functional limitations Figure (1-3).
Sensitivity analyses where we ran the sexes and ages independently
indicated no effect of sex and age in the results.

Discussion

The primary finding of the present study was that the volume
and intensity of free-living STS transitions based on thigh-worn
accelerometry were positively associated with lower-extremity per-
formance, and negatively associated with lower extremity functional
limitations, self-reported fear of falling, and difficulties in negotiating
stairs among community-dwelling older people. Furthermore, the
volume and intensity of STS transitions in free-living environment
were lower in older age groups and differed between sexes. This
study expands our understanding of free-living of physical activity
by describing one of the most common specific daily activity move-
ment and determining its intensity in community-dwelling 75-, 80-,
and 85-year-old men and women. Assessing STS transitions may be a
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Table 3. Participants Were Divided into Three Groups, i.e., Lowest, Middle and HighestTertile, Based onTheir STS Performance in the Free-
Living Environment (Column 1: Number, Mean, or Maximal Angular Velocity of STS Transitions)

Women Men

Women Men

‘Women Men

Tertiles based on number of STS*

Number of STS (no/d)

5xSTS test time (s)

Knee extension force (N/kg)

Lowest (T1) 24.5 (6.4) 30.8 (8.0) 12.9 (3.8) 12.6 (3.5) 4.0 (1.2) 5.2(1.6)
Middle (T2) 39.2 (3.9) 45.9 (3.7) 12.8 (3.8) 13.3(5.1) 4.3 (1.3) 5.5 (1.5)
Highest (T3) 59.1 (11.0) 67.1(12.5) 12.3 (3.2) 11.2 (3.2) 4.3 (1.2) 5.8(1.2)
p Value # <.001H+5 <.0011+5 631 .013*% 107 .013$
Tertiles based on mean angular velocity”

Mean angular velocity (deg/s) 5xSTS test time (s) Knee extension force (N/kg)
Lowest (T1) 472 (3.1) 49.3 (3.8) 13.1(3.7) 13.1 (4.1) 3.8 (1.1) 5.0 (1.2)
Middle (T2) 55.9 (2.1) 59.5 (1.9) 13.0 (3.8) 11.8 (3.7) 4.3 (1.3) 5.9(1.8)
Highest (T3) 65.7 (5.6) 69.6 (5.5) 11.9 (3.2) 12.2 (4.5) 4.5 (1.3) 5.6(1.2)
p Value # <.0011+$ <.0011+$ .026% .078 <.001%$ .004t
Tertiles based on max angular velocity!

Max angular velocity (deg/s) S5xSTS test time (s) Knee extension force (N/kg)
Lowest (T1) 85.1(8.7) 91.7 (9.1) 13.7 (3.8) 13.6 (4.3) 3.7 (1.1) 4.9(1.3)
Middle (T2) 104.2 (3.8) 112.8 (5.0) 12.5 (3.8) 11.5 (3.2) 4.3 (1.4) 5.5(1.3)
Highest (T3) 127.3 (16.3) 134.2 (13.4) 11.8 (2.8) 11.9 (4.4) 4.7 (1.1) 6.1 (1.6)
p Value # <.0011#$ <.0011+$ <.0011$ .010"$ <.0011+S <.001"$

Notes: Data (mean [SD]) represent values of the different tertiles on lab-based measurements, i.e., S-times-sit-to-stand test (5xSTS time) and knee extension force

normalized for body mass. SPPB = Short Physical Performance Battery; SD = standard deviation; STS = sit-to-stand transitions.
*Women tertiles cutoff: T1 < 33.17, T3 > 46.00; Men tertiles cutoff: T1 < 40.15, T3 > 52.40.

T1-T2 p < .05.
T2-T3 p < .05.
ST1-T3 p < .05.

"Women tertiles cutoff: T1 < 51.66, T3 > 59.74; Men tertiles cutoff: T1 < 55.32, T3 > 62.67.
IWomen tertiles cutoff: T1 < 97.22, T3 > 111.21; Men tertiles cut-off: T1 < 103.15, T3 > 120.80.
“Independent-samples Kruskal-Wallis test (Pairwise: Dunn’s test, Bonferroni-Holm).

good daily performance indicator in future studies when monitoring
older adults’ physical functioning in a free-living environment.

The number of STS transitions in the present study (women
42.8-34.4 transitions/day, men 50.4-41.2 transitions/day) is con-
gruent with previously published results. Bohannon (2015) stated
in his review that the average number of STS transitions are at least
45 per day among most community-dwelling individuals (1). In
addition, Pickford and colleagues (2019) studied the mean angular
velocity of STS transitions in 61.0 = 10.1 years of age group and
reported higher angular velocity values (70.7 = 52.2 degree/s) com-
pared to the present study (women 57.6-52.3 degree/s, men 60.6—
55.2 degree/s). This is in line with the expected age-related decline in
functional performance (36). In the current study, the volume and in-
tensity of STS were lower with advancing age. This is in line with the
higher number of STS transitions in younger people (71 = 4 years)
living at home compared to older people (87 = 7 years) living in an
older adult care facility (37). However, the sex difference observed
in this study between STS intensity or number of transitions has not
been studied in free-living conditions, although it has been found
that STS transitions performance in the laboratory (5xSTS time) de-
creases with age more slowly in women than men (23,38).

The associations between lower-extremity performance and
number of STS transitions in the current study were relatively weak.
Ryan et al. reported no significant (r = -0.12, p = .47) association
between 5xSTS test and free-living STS events in people with chronic

low back pain (39). In addition, the tertile group comparisons in the
present study indicated that the number of STS transitions did not
seem to be very dependent on lower-extremity performance. This
may suggest that the number of STS transitions is more related to
the individual and environmental factors than laboratory-measured
lower-extremity capacity, as noted for physical activity (40), especially
when capacity does not limit STS transition in free-living environ-
ment. Furthermore, the intensity of the STS transition performance,
as indicated by movement velocity, is influenced by multiple physio-
logical and psychological processes rather than lower-extremity
strength (23). Although the above-mentioned factors primarily affect
STS transitions intensity, these factors may also have an effect on the
number of STS transitions in the free-living conditions.

Knee extension force was more strongly related to the mean and
maximal angular velocity of the STS transitions than to the number
of STS transitions, indicating that maximal angular velocity, in par-
ticular might be a better representation of the capacity of the lower
extremities. This is further confirmed by the tertile comparisons. In
addition, a pairwise comparison of tertiles showed that the weakest
tertile (T1) of mean or maximal angular velocity differed on lab-
based lower-extremity performance from the other tertiles (T2 and
T3), while no differences were found between tertiles T2 and T3.
This could suggest that the mean and maximum angular veloci-
ties of the STS transitions only begin to decline when capacity is
significantly impaired. Altogether, this could indicate that above a
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Figure 1. Number of STS transitions group comparisons between self-
reported fear of falling, difficulties in negotiating stairs, and lower extremity
functional limitations in free-living environment. Independent-Samples
(unpaired) Mann-Whitney UTest (Wilcoxon rank-sum). ***p < .001, **p < .01
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Figure 2. STS transitions mean angular velocity group comparisons between
self-reported fear of falling, difficulties in negotiating stairs, and lower
extremity functional limitations in free-living environment. Independent-
Samples (unpaired) Mann-Whitney U Test (Wilcoxon rank-sum). ***p < .001
(2-sided). STS = sit-to-stand.
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certain level of capacity, the intensity of the free-living STS transition
does not increase linearly, which is well in line previously reported
curvilinear relationship between knee extension force and 5xSTS
time (41). Therefore, future studies should investigate whether it is
possible to identify cutoff points for the number of STS transitions
and the angular velocities that would predict a lack of functional
capacity.

To the authors’ best knowledge, the association between the
knee extensor force and the angular velocity of STS transitions in a
free-living environment has not been previously reported. Corrigan
and Bohannon (2010) found a moderate correlation between knee
extension force measured with a hand-held dynamometer and the
duration of a single maximal STS transition performed in a labora-
tory, which is well in line with the correlation between knee exten-
sion force and maximal angular velocity of observed in the presents
study. The association between 5xSTS and STS transitions intensity
was low. However, intensity quantified in this study (angular vel-
ocity) assessed only the STS phase, whereas 5xSTS completion time
also includes the stand-to-sit phase and any pauses between phases
(18), which may differ between participants. To the best of our know-
ledge, the association between STS phase mean angular velocity and
5xSTS completion time has not been reported, but a moderate asso-
ciation has been reported when comparing 5xSTS (stopwatch) to the
vertical velocity of the STS phase (42) which could be considered a
comparable variable to the angular velocity.

Individuals who reported fear of falling presented a lower number,
mean and maximal angular velocity of STS transitions compared to
individuals who did not report fear of falling. According to the sensi-
tivity analysis, no sex difference was observed. These results are well in
line with the previously published results. Hornyak et al. (2013) have
previously reported that fear of falling is related to total daily physical
activity (43) and the number of STS transitions measured by acceler-
ometer was weakly (= -0.11, p =.009) associated with fear of falling
(Fall Efficacy Scale-International, FES-I) in free-living conditions (44).
In addition, concerns about falling have been found to be associated
with low number of STS transitions among community-dwelling older
men and women (45). Exploring difficulties in stair negotiation led
to similar findings. Stair negotiating is one of the more demanding
free-living activities older people engage with (46), but stair negoti-
ation is challenging to identify from free-living accelerometry record-
ings (12). Given this challenge and the link between stair negotiation
difficulties and STS transitions, examining the latter in free-living con-
ditions seems both feasible and clinically relevant.

The decline in lower-extremity performance begins in middle-
age, however, the decrements in physical capacity can be masked
up to the age of 60-70 in submaximal activities such as walking
(47). As STS transitioning requires a relatively high proportion (at
least compared to walking) of the maximal force, we postulate that
quantifying free-living STS transitions intensity among older adults
could prove to be a sensitive indicator of future constraints in the
ability to perform activities of daily living. In particular, the max-
imum angular velocity of STS transitions can describe a performance
reserve that entails the ability to vary transition performance inten-
sity, in the same way as walking speed reserve (48). In addition, the
number of STS transitions have previously been used for monitoring
frailty status (44). Following a similar line of reasoning, free-living
STS transitions could also be linked to fall risk, although all these
hypotheses would need to be tested with prospective study designs.

Some limitations need to be kept in mind when interpreting the
findings. Firstly, we demonstrated that identification and intensity
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quantification of STS transitions is possible based on thigh-worn ac-
celerometer data in free-living conditions. However, validity (ie, does
the method measure what it purports to measure) could only be exam-
ined for STS transitions identification (Supplementary File), while the
validity of the intensity quantification should be addressed in future
studies. Moreover, the algorithm can only be applied to thigh-worn
accelerometers sampling 3-dimensional accelerations. Nevertheless,
the present results serve as an early indication of face validity (ie,
are the values created by the method congruent with some relevant
other measure) for intensity quantification. Secondly, the test—retest
reliability of detection and intensity quantification in free-living con-
ditions still remains to be established. To the best of our knowledge,
reliability has only been evaluated in the laboratory environment
(49). Third, the algorithm is only able to identify the first repetition of
the multi-STS set (caused by the 2 seconds stationary epoch prior to
a STS requirement) and therefore cannot be directly used to identify
for example, the result in the 5xSTS. The algorithm could be modi-
fied for use as an instrumented 5xSTS assessment tool by removing
the stationarity requirement from the algorithm. The stationarity re-
quirement is necessary in free-living conditions to prevent false posi-
tives due to for example, cycling or walking. Fourth, using the arms
during STS transitions cannot be controlled in the free-living envir-
onment. This can lead to misinterpretations, especially in determining
the intensity, because STS transitions performed without using the
arms have been found to have a slightly stronger association with
STS performance than if the use of the arms is allowed in the labora-
tory environment (21). Finally, although the sample population was
relatively old and based on a population representative sample, it is
well established that those who volunteer for such monitoring are
in better physical health or less frail compared to those who do not
(26). Therefore, the findings may not be generalizable to the older
population at large. On the other hand, the sample was based on a
population representative sample.

The strength of this study can be considered a relatively large
sample of community-dwelling participants. In addition, this study
included multiple days (3-7 days) accelerometry recording, which
is thought to be sufficient for assessing activity patterns (50). The
strength of the study is also the versatile tests of physical perform-
ance performed in the laboratory (knee extension force) and at home
(5xSTS). In addition, the study protocol includes comprehensive
questionnaires to assess participation limitations such as difficulties
in negotiating stairs.

Conclusion

Free-living STS volume and intensity were positively associated with
higher lower-extremity performance and negatively associated with
lower extremity functional limitations, self-reported fear of falling,
and stair negotiation difficulties. The number and mean and maximal
velocity of STS transitions in free-living situations was lower with
advancing age and differed between sexes. The intensity of STS tran-
sitions was more strongly related to lower-extremity performance
than the number of STS transitions. Due to the strength-demanding
nature of transitioning from sitting to standing, we hypothesize that
the proposed free-living STS transition quantification may enable
identifying those at risk of future limitations in daily activities.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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