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Sit to Stand Muscle Power Is Related to Functional Performance at Baseline
and After Supervised Exercise Training in Patients with Lower Extremity
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WHAT THIS STUDY ADDS

Patients with PAD have decreased muscle power, contributing to functional limitations. The instruments to
assess muscle power are usually expensive. The sit to stand (STS) is an easy clinical test to assess muscle power
in older individuals. This observational study investigated the relationships between baseline STS muscle power
and baseline treadmill and functional performance, and quality of life in patients with symptomatic PAD. These
relationships were also investigated following supervised exercise training programme. The results showed that
STS muscle power was related to common disease related outcomes before and after training, highlighting its
clinical value to monitor overall functional status in these individuals.
Objective: Patients with peripheral artery disease (PAD) have decreased muscle power, contributing to functional
limitations. The sit to stand (STS) is a validated test to assess muscle power in older individuals; however, it has
never been investigated in patients with PAD. The relationship between STS muscle power, and common disease
related outcomes was evaluated at baseline and following supervised exercise training (SET) in patients with PAD.
Methods: This observational study investigated patients with Fontaine stage II. Before and after SET, maximum
treadmill walking distance (MWD), functional performance tests (six minute walk, STS, stair climbing, habitual
gait speed), and quality of life (Short Form 36 questionnaire) were assessed. Relative (W/kg) STS muscle
power was calculated using a validated equation. Multiple regressions models were used.
Results: Ninety-five patients with PAD were included (63.1 � 12.1 years, 67% male). Relative STS muscle power
before: 2.7 W/kg, 95% confidence interval [CI] 2.5 e 2.9; after: 3.3, 95% CI 3.1 e 3.6, MWD before: 367.0 m, 95%
CI 302.4 e 431.5; after: 598.4, 95% CI 515.6 e 681.3, six minute walking distance before: 418.3 metres; 95% CI
399.4 e 437.2; after: 468.8; 95% CI 452.7e484.9, stair climbing performance before: 6.8 seconds 95% CI 6.2 e
7.4); after: 5.3; 95% CI 4.9 e 5.7, habitual gait speed before: 1.10 m/s, 95% CI 1.05 e 1.14; after: 1.18, 95% CI
1.14 e 1.22 increased significantly following SET (p < .001). Similarly, physical before: 31.4, 95% CI 29.4 e 33.3;
after: 35.8, 95% CI 33.9 e 37.7 and mental before: 39.5, 95% CI 37.0 e 42.0; after: 43.1, 95% CI 40.9 e 45.4
component summaries of the SF-36 also increased significantly (p < .001). Greater relative STS muscle power
at baseline was significantly related to greater baseline treadmill (b < .380; p < .002) and functional (b <
.597; p < .001) performance, and quality of life (b < .291; p < .050). Larger increases in relative STS muscle
power following SET were associated with greater improvements in functional performance (b < .419; p < .009).
Conclusion: The STS test is a valid clinical tool to monitor overall functional status in patients with symptomatic
PAD.
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INTRODUCTION

Lower extremity peripheral artery disease (PAD) is an
atherosclerotic vascular disease leading to narrowing and or
occlusion of the arteries supplying the legs.1 PAD has a
great impact on walking capacity, physical function, and
quality of life.1e3 Supervised exercise therapy (SET) is a first
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Table 1. Baseline characteristics of 95 patients with
symptomatic peripheral artery disease (PAD)

Variables Patients (n [ 95)

Women 31 (33)
Age e y 63.1 � 12.1
BMI e kg/m2 26.9 � 5.3
Ankle brachial index 0.80 � 0.20
Toe brachial index 0.61 � 0.20
Cardiovascular risks factors

Hypercholesterolaemia 78 (82)
Hypertension 67 (71)
Smoking e current 49 (52)
Smoking e former 37 (39)
Smoking e never 9 (9)
Family history of CVD 34 (36)
Type 1 diabetes 1 (1)
Type 2 diabetes mellitus 32 (34)

Prior arterial revascularisation 43 (45)
Stenosis location

Aorto-iliac 29 (30)
Femorodistal 66 (70)

Ongoing treatment
Antiplatelet 89 (94)
Antihypertensive 69 (73)
Lipid lowering 74 (78)
Anticoagulant 10 (11)
Antidiabetic 31 (33)

Data are presented as mean � standard deviation or n (%). BMI ¼
body mass index; CVD ¼ cardiovascular disease.
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line therapeutic option for the management of patients
with symptomatic PAD.1,4e6 SET is effective in improving
treadmill performance and quality of life.7,8 Changes in
functional performance (the rate at which an individual is
able to perform a daily functional task) following SET have
been poorly investigated.9

Patients with PAD have decreased type II fibre cross
sectional area, calf skeletal muscle fibre denervation, and
decreased maximum lower limb muscle strength compared
with controls.10e12 Further strength deficits occur with the
onset of claudication pain.13 These skeletal muscle changes
are associated with functional impairment.10,14

Although less investigated, leg muscle power is also
impaired in patients with PAD compared with controls.15

These results are important, since muscle power has been
demonstrated to be a stronger predictor of functional lim-
itations than muscle strength in older individuals.16 More-
over, muscle power declines with age at a faster rate than
muscle strength and size.17 In patients with PAD, reduced
leg muscle power contributes to low functional perfor-
mance.15 The main difference between muscle strength and
power resides in the velocity factor. Indeed, while muscle
strength is the ability to overcome resistance, muscle power
is the ability to overcome resistance in the shortest period
of time (as fast as possible). The stronger relationship
observed between muscle power and functional perfor-
mance may be linked to the velocity factor in generating
force that is needed to perform daily life tasks.

The instruments to assess leg muscle power are expen-
sive, requiring technical support. The sit to stand (STS) test
is an easy and inexpensive tool to assess the time required
to stand and sit as fast as possible five times or the number
of repetitions in a given period. Recently, a simple equation
to assess relative (W/kg) STS muscle power from STS time
performance has been validated.18 The expression of rela-
tive muscle power is judicious, since during most daily life
activities people must carry their body mass. STS perfor-
mance and relative STS muscle power were also related to
quality of life.18

The associations between STS performance and relative
STS muscle power, and walking performance, functional
performance, and quality of life have not been investigated
in patients with PAD. The first aim of this study was to
evaluate the relationships between baseline STS perfor-
mance and relative STS muscle power, and baseline tread-
mill performance, functional performance, and quality of
life in patients with symptomatic PAD. The second aim was
to evaluate the relationships between SET induced changes
in STS performance and relative STS muscle power, and
changes in treadmill performance, functional performance,
and quality of life.

MATERIALS AND METHODS

Participants

Patients with lower extremity PAD were investigated
(Table 1). Patients were recruited from the Division of
Angiology at Lausanne University Hospital, Switzerland.
Patients were included in the Angiofit study, an observa-
tional cohort of Fontaine stage II men and women with
symptomatic PAD participating in the three month SET
programme.19e21 The inclusion criteria of the SET pro-
gramme were chronic uni- or bilateral lower limb claudi-
cation and a resting ankle brachial index (ABI) � 0.9 or an
ABI decreased by > 20% after exercise.1 The exclusion
criteria were the inability to participate in the SET pro-
gramme three times per week and critical limb ischaemia
(assessed by a vascular physician before SET), and a cardiac
contraindication to exercise (assessed by a cardiologist
before SET). Compared with previous observations,19e23 all
the patients having an assessment of treadmill perfor-
mance, functional performance (6 minute walk, sit to stand,
stair climbing, and habitual gait speed), and quality of life
were included. Patients provided written, voluntary
informed consent. The study was approved by the local
ethics committee and was conducted according to the
Declaration of Helsinki.

Experimental design

The experimental design was planned as follows: (1) the
pre-SET vascular medicine examination and treadmill test;
(2) the pre-SET functional assessment; (3) the three month
SET programme; (4) the post-SET functional assessment;
and (5) the post-SET vascular medicine examination and
treadmill test. The SET programme started one to two
weeks following the vascular examination, and one to three
days after the pre-SET functional assessment. The functional
assessments were performed on the same day and patients
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were allowed to rest between measurements. The following
order was always used: six minute walk test, stair climbing
test, habitual gait speed, and STS test. The patients were
asked to rest well prior to the tests. Following SET, all the
assessments were performed at least 48 hours after the last
training session.

Medical history, physical characteristics, and vascular
examination

The medical history and physical examination were assessed.
Body mass index (BMI), cardiovascular risk factors (tobacco
use, dyslipidaemia, type 2 diabetes mellitus, hypertension)
and ongoing treatment were recorded. Resting ABI and toe
brachial index (TBI) were measured in the supine position.1
Treadmill performance

Pain free walking distance (PFWD) and maximum walking
distance (MWD) were determined during a constant speed
treadmill test.6,24 This test was performed at 3.2 km/hour
with a 12% slope. However, the speed was adapted
depending on patient safety and feasibility, and the same
parameters were used before and after SET.
Functional performance

The six minute walking distance (6MWD) was determined
during a six minute walk test.25 Patients were asked to walk
as far as possible within six minutes in an indoor 50 metre
corridor. During the test, patients were allowed to stop and
lean against the wall. If so, they were instructed to resume
walking as soon as they could.

The stair climbing performance was assessed during a
stair climbing test.26 After the cue “ready, set, go!” patients
were asked to climb a 12 stair flight as quickly as possible.
The height of each stair was 17 cm. Patients were allowed
to hold the handrail during the test. The stopwatch was
stopped when both of the patient’s feet reached the 12th
stair, and the time was recorded to the nearest 0.01 second.
This test was performed twice, and the average values were
considered for analysis.26

Habitual gait speed was assessed over a four metre walk.
After the cue “ready, set, go!” patients were asked to cover
four metres at their habitual walking speed. The time was
recorded with a stopwatch to the nearest 0.01 second. This
test was performed twice, and the best time of two at-
tempts was chosen for analysis.27

The STS test was performed on a standardised armless
chair (0.45 metres height).18 Patients familiarised with the
STS test performed one set of five repetitions, followed by a
brief resting period. After the cue “ready, set, go!” the
patients started to perform STS repetitions. From a sitting
position, arms across the chest, patients were asked to
stand five times as fast as they could. The stopwatch was
stopped immediately after the fifth repetition, and the time
was recorded to the nearest 0.01 second. Verbal
encouragement was given. Relative (W/kg) STS muscle po-
wer was calculated as follows:18

relative STS mean power ¼ (0.9 � g � [height � 0.5 e
chair height])/(five STS time � 0.1),where height and chair
height are in metres, time is in seconds, and g is gravity.

Quality of life

TheMedical Outcomes Study Short Form 36 (SF-36) was used
to evaluate physical and mental health related quality of
life.28 Physical component summary (PCS) and mental
component summary (MCS) were computed using weighting
coefficients.29 The Walking Impairment Questionnaire (WIQ)
was used to evaluate self perceived walking limitations.30

Supervised exercise training programme

The programme consisted of three weekly training sessions
combining two different exercise modalities, strengthening
of the lower limbs (once weekly) and Nordic walking (twice
weekly), for lasting three months. Each training session
lasted up to 60 minutes. A detailed description has been
widely reported elsewhere.19e23 All the training sessions
were supervised by a clinical exercise physiologist. In
accordance with the guidelines,5,6,31 the claudication pain
intensity during the training sessions was set at moderate to
severe on the claudication scale. The rate of perceived
exertion (RPE) on Borg’s scale was used to monitor the
exercise training intensity. The RPE was mainly set between
low (9 e 11 on Borg’s scale) and moderate (12 e 13 on
Borg’s scale) intensity. If tolerated, patients also performed
at moderate to vigorous intensity (14 e 16 on Borg’s scale).

Compliance with the SET programme was defined by the
percentage of attended sessions out of the total number of
sessions.

Statistical analysis

Based on previous data,22 a sample size of 55 patients
(power 95%; a ¼ 5%) was needed to detect significant
differences in walking performance following SET. Data
were analysed with an intention to treat approach. This
increases the statistical power and avoids potential selec-
tion bias. The first step was to perform multiple imputations
for patients who did not complete the training programme.
Multiple imputations for missing data were performed to
obtain 20 imputed datasets. A fully conditional specification
with predictive mean matching was used to simultaneously
impute all variables.32 Baseline anthropometric character-
istics, cardiovascular risk factors, vascular parameters, and
baseline outcome values were used to impute the datasets.

Thereafter, the normality of the distribution was assessed
statistically (KolmogoroveSmirnov) and visually. Log trans-
formation was performed for non-parametric values. The
influence of covariables (age and gender) on the different
outcomes was assessed a priori with simple linear re-
gressions. Comparisons between before and after SET were
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assessed using repeated measures analysis of variance
adjusted for covariables when appropriate. To assess
whether baseline or changes (deltas: post- minus pre-
values) in STS performance and relative STS muscle power
were related to baseline or changes in treadmill perfor-
mance, functional performance, and quality of life, simple
and multiple regression models were computed. Age and
sex were added to the regression models as covariables
when appropriate. Multicollinearity was assessed to
confirm that the independent variables were not highly
correlated with each other. This assumption was tested
using variance inflation factor values. These analyses were
also performed according to the stenosis location (aorto-
iliac (n ¼ 29) and femorodistal (n ¼ 66) group). The level of
significance was set at p � .05.

SPSS 27 software (IBM Corporation, Armonk, NY) was
used to perform all statistical analyses.

RESULTS

Participants

Ninety-five patients with symptomatic PAD were included.
Of those, 22 patients (23%) did not complete the SET pro-
gramme. The reasons for stopping SET were worsening of
claudication symptoms (n ¼ 4), endovascular revascular-
isation required during SET (n ¼ 4), schedule conflict with
work (n ¼ 2), feeling anxious about participating during the
pandemic period (n ¼ 3) and other reasons not related to
SET (n ¼ 9). The attendance rate for SET was 79.9%.

Sit to stand performance and muscle power, treadmill and
functional performance, and quality of life

STS performance and relative STS muscle power signifi-
cantly increased following SET (Table 2). Both obstructive
aorto-iliac and femorodistal groups significantly improved
STS performance and relative STS muscle power following
Table 2. Sit to stand (STS) performance and muscle power, tread
before and after the supervised exercise training (SET) of 95 patien

Variable Before SET (n [

STS performance and muscle power
STS e s 15.0 (12.9e17.1
Relative STS muscle power e W/kg 2.7 (2.5e2.9)

Treadmill performance
Pain free walking distance e m 109.0 (81.4e136
Maximum walking distance e m 367.0 (302.4e43

Functional performance
6 minute walking distance* e m 418.3 (399.4e43
Stair climbing test* e s 6.8 (6.2e7.4)
Habitual gait speed e m/s 1.10 (1.05e1.14

Quality of life
Physical component score* e % 31.4 (29.4e33.3
Mental component score e % 39.5 (37.0e42.0
WIQ distance score* e % 62.2 (57.8e66.6
WIQ speed score e % 55.6 (50.7e60.5
WIQ stair climbing score e % 60.1 (55.6e64.6

Data are presented as mean and 95% CI. WIQ ¼ walking impairment que
* Adjusted for sex.
SET, with no significant difference between groups
(Supplementary Table S1). PFWD, MWD, 6MWD, stair
climbing performance, habitual gait speed, PCS, MCS, WIQ
distance, speed, and stair climbing scores significantly
improved after SET (Table 2). The a posteriori statistical
power was � 82%, except for the WIQ distance (68%).
Relationships between baseline sit to stand performance
and muscle power, and baseline treadmill and functional
performance, and quality of life

Greater STS performance (lower STS time) and relative STS
muscle power at baseline were significantly related to
greater baseline PFWD, MWD, 6MWD, stair climbing per-
formance, habitual walking speed, PCS, WIQ distance, WIQ
speed, and WIQ stair climbing scores (Table 3). There was
no significant relationship between baseline STS perfor-
mance and relative STS muscle power, and baseline MCS
(Table 3). Similar results were found when patients were
analysed according to the stenosis location (Supplementary
Table S2).
Relationships between sit to stand performance and
muscle power changes, and changes in treadmill and
functional performance, and quality of life

Larger increases in STS performance (lower STS time) and
relative STS muscle power following SET were associated
with greater improvements in 6MWD, stair climbing per-
formance, and habitual gait speed (Table 4). There was no
significant relationship between changes in STS perfor-
mance and relative STS muscle power, and changes in
treadmill performance and quality of life following SET
(Table 4). Similar results were found when patients were
analysed according to the stenosis location (Supplementary
Table S3).
mill performance, functional performance, and quality of life
ts with symptomatic peripheral artery disease (PAD)

95) After SET (n [ 95) p value

) 12.2 (10.4e14.1) <.001
3.3 (3.1e3.6) <.001

.6) 152.8 (133.0e172.6) <.001
1.5) 598.4 (515.6e681.3) <.001

7.2) 468.8 (452.7e484.9) <.001
5.3 (4.9e5.7) <.001

) 1.18 (1.14e1.22) <.001

) 35.8 (33.9e37.7) <.001
) 43.1 (40.9e45.4) .001
) 67.8 (64.1e71.5) .002
) 63.7 (59.8e67.6) .001
) 67.4 (63.7e71.1) .001

stionnaire, scored on a 0 (worse score) to 100 (best score) scale.



Table 3. Relationship between baseline sit to stand (STS) performance and relative STS muscle power, and baseline treadmill
performance, functional performance, and quality of life of 95 patients with symptomatic peripheral artery disease (PAD)

STS time performance (n [ 95) Relative STS muscle power (n [ 95)

Baseline values b standardised
coefficient

p value b standardised
coefficient

p value

Pain free walking distance e m e.29 .005 .32 .002
Maximum walking distance e m e.36 <.001 .38 <.001
6 minute walking distance* e m e.53 <.001 .60 <.001
Stair climbing test*,y e s .49 <.001 e.58 <.001
Habitual gait speed*,y e m/s e.29 .002 .43 <.001
Physical component score e % e.29 .005 .25 .015
Mental component score* e % e.13 .23 .17 .12
WIQ distance score e % e.30 .004 .29 .004
WIQ speed score e % e.30 .003 .28 .005
WIQ stair climbing score e % e.24 .022 .20 .050

WIQ ¼ walking impairment questionnaire, scored on a 0 (worse score) to 100 (best score) scale.
* Adjusted for age.
y Adjusted for sex.

Table 4. Relationship between changes in sit to stand (STS) performance and relative STS muscle power, and changes in treadmill
performance, functional performance, and quality of life following supervised exercise training of 95 patients with symptomatic
peripheral artery disease (PAD)

D STS performance (n [ 95) D relative STS muscle power (n [ 95)

Delta values b standardised coefficient p value b standardised
coefficient

p value

Pain free walking distance e m e.11 .29 .070 .50
Maximum walking distance e m e.067 .52 .054 .60
6 minute walking distance* e m e.36 <.001 .42 <.001
Stair climbing test* e s .39 <.001 -.45 <.001
Habitual gait speed e m/s e.24 .019 .27 .009
Physical component score* e % .070 .94 .024 .82
Mental component score e % e.017 .87 .037 .72
WIQ distance score* e % .064 .53 .005 .96
WIQ speed score e % .051 .62 -.035 .74
WIQ stair climbing score e % e.091 .38 .10 .32

WIQ ¼ walking impairment questionnaire, scored on a 0 (worse score) to 100 (best score) scale.
* Adjusted for sex.
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Physical characteristics and vascular parameters

BMI before: 26.9 kg/m2, 95% CI 25.8 e 28.0; after: 27.4,
95% CI 26.4 e 28.4, p ¼ .10, ABI before: 0.80 (95% CI 0.75
e 0.84); after: 0.79, 95% CI 0.76 e 0.82, p ¼ .62, and TBI
before: 0.61, 95% CI 0.57e0.65; after: 0.60, 95% CI 0.57 e
0.63, p ¼ .83 were unchanged following SET.
DISCUSSION

The main findings showed that (1) baseline STS perfor-
mance and relative STS muscle power were related to
baseline treadmill and functional performance, and quality
of life; (2) larger increases in STS performance and relative
STS muscle power following SET were associated with
greater improvements in functional performance only.
There was no significant relationship between changes in
STS performance and relative STS muscle power, and
changes in treadmill performance and quality of life.
The present study showed that SET improved functional
performance assessed by several functional tests. As pre-
viously reported,9 performance based tests of physical
function are understudied following SET in patients with
PAD. The results showed that SET improves STS perfor-
mance, relative STS muscle power, stair climbing perfor-
mance, and habitual gait speed, which are all representative
of functional daily life activities. The mean increase in
habitual walking speed was þ 0.08 m/s, which is similar to
the minimum clinically important difference for substantial
change in walking speed following SET in patients with
PAD.33 These results highlight the importance of exercise
therapy to improve functional performance. This is clinically
important since improved functional mobility may predict
functional independence in these individuals.34

The results presented herein showed that greater STS
performance and relative STS muscle power at baseline
were significantly related to greater baseline treadmill
(PFWD, MWD) and overground (6MWD) performance, stair
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climbing performance, habitual walking speed, physical
health related quality of life, and WIQ scores. In contrast,
mental health related quality of life was not related to
baseline STS performance or relative STS muscle power.
Taken together, these results are in line with previous ob-
servations showing that muscle power is linked to func-
tional performance in patients with PAD.15 It is likely that
muscle power is a more important determinant of physical
rather than mental health related quality of life, which is
mainly composed of self reported vitality, social and
emotional functioning.18 The results also showed that larger
increases in STS performance and relative STS muscle power
following SET were associated with greater improvements in
functional performance only. Indeed, changes in STS per-
formance and relative STS muscle power after SET were
related to changes in overground walking and stair climbing
performance, and habitual gait speed. Since it has been
shown that improved walking performance correlates with
lower limb strength gain following resistance training in
patients with PAD,35 the results of the present investigation
further extend these associations on leg muscle power.
Although the mechanisms underlying the effects of muscle
power gain on functional performance remain to be clearly
determined,36 it is possible that better muscle fibre
recruitment, which may also induce a reduction in the en-
ergy cost during walking, may be mainly implicated.35,36 In
contrast, these results showed no significant relationship
between changes in STS performance and relative STS
muscle power, and changes in treadmill performance and
quality of life. The lack of significance between muscle po-
wer and treadmill performance may be directly linked to
characteristics of the test. Indeed, relative to the six minute
walk, the maximum treadmill test is less representative of
daily life walking and sub-maximal daily life activities.37

Therefore, since muscle power has been found to be a
strong predictor of functional abilities,16 it is likely that
better associations were found with more functional as-
sessments of performance. Finally, improvement in muscle
power following a three month SET may occur before self
perception of greater improvements in quality of life. It is
likely that longer training programmes may induce better
associations between muscle power and self perceived
quality of life. Further studies are needed to better assess
this speculation.

These results feature important clinical implications. First,
since larger increases in muscle power following SET were
associated with greater improvements in functional per-
formance, further investigations are needed regarding the
specific effects of high velocity power oriented resistance
training on functional status in patients with PAD. Indeed,
previous meta-analyses have shown that this type of
training may induce better improvements in muscle power
and functional performance than traditional (slow velocity)
strength training in older individuals.38e40 The explosive
(high velocity) movements performed during the power
oriented resistance training may be more effective in
improving daily life functional performance, especially in
activities where intense and rapid movements are essential,
such as counteracting a forward fall, climbing steps, brisk
walking, or crossing the road. Second, because of its easy
administration, the STS test should be used to monitor the
training response following and during the exercise reha-
bilitation programmes. This may allow investigation of the
time course evolution of overall physical function and,
subsequently, improve the training guidance. This is in line
with previous validated tools aiming to improve monitoring
and training individualisation in these individuals.41

The first limitation of this study was that missing data
were replaced using multiple imputations. However, the
results did not substantially change when analyses were
performed without multiple imputations (Supplementary
Table S4 and S5). In addition, since the sample size was
small, this may improve the statistical power. Second, this
study lacks a control group. Patients participated in the
clinical SET programme and were recruited during routine
vascular visits. For ethical considerations, all patients willing
to participate in SET must be included. Third, patients had a
moderate to high walking performance and results may not
be generalised to patients with more severe PAD.

In conclusion, these results suggest that the STS test may
provide a practical and easy clinical tool to monitor overall
functional status before and after exercise interventions in
patients with symptomatic PAD.
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