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Abstract

Background: Standardization of performance-based physical function measures that are reliable and responsive to intervention is necessary
for efficacy trials of function promoting anabolic therapies (FPTs). Herein, we describe a standardized method of measuring stair climbing
power (SCP) and evaluate its ability to assess improvements in physical function in response to an FPT (testosterone) compared to gait speed.
Methods: We used a 12-step SCP test with and without carrying a load (loaded, LSCP or unloaded, USCP) in two testosterone trials in older
men. SCP was determined from mass, total step-rise, and time of ascent measured with an electronic timing system. Associations between SCP
and leg press performance (strength and power), testosterone levels, and gait speed were assessed. Test—retest reliability was evaluated using
interclass correlation and Bland-Altman analyses.

Results: Baseline SCP was negatively associated with age and positively with leg strength and power and gait speed. Both tests of SCP were safe
and showed excellent reliability (intra-class correlation 0.91-0.97 in both cohorts). Changes in testosterone concentrations were associated with
changes in USCP and LSCP, but not gait speed in mobility-limited men. Changes in leg press performance were associated with SCP in both trials.
Conclusions: Both USCP and LSCP are safe and have high test-retest reliability. Compared to gait speed, SCP is associated more robustly with
leg press performance and is sensitive to testosterone therapy. The LSCP might be a more responsive outcome than gait speed to evaluate the
efficacy of FPT in randomized trials.

Keywords: Physical Function, Testosterone, Muscle Power, Anabolic Intervention.

The past decade has witnessed remarkable advances in the develop- tional limitations. Testosterone, selective androgen receptor modu-
ment of novel function promoting anabolic therapies (FPTs) for the lators, myostatin antagonists, growth hormone secretagogues, and
prevention and treatment of aging-associated sarcopenia and func- insulin-like growth factor-mimetics have been studied in this con-
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text (1). Demonstrating improvements in performance-based meas-
ures of physical function is important in establishing the efficacy of
FPTs. Therefore, careful selection of measures of physical function
that are patient-important, utilize the appropriate domains of muscle
performance, and are responsive to the intervention is critically im-
portant in efficacy trials of FPTs.

Several performance-based measures of physical function have
been used in randomized trials of FPTs including chair stands, the
timed get-up-and-go, and gait speed over varying distances and
under varying conditions (2). Composite tests that assess more than
one functional measure, such as the physical performance test (3)
and the short physical performance battery (4), have also been used.
Most of these measures, including walking speed, have shown in-
consistent or only modest responsiveness to the administration of
FPTs in randomized trials in healthy older adults or in older adults
with pre-frailty or mild-to-moderate degrees of functional limitation.
In part, this may be due to a ceiling effect where there is little im-
provement in performance of a task even though a person’s physical
ability to do that task increases substantially after treatment. Other
tests may exhibit a floor effect such that very substantial improve-
ments in ability may be needed before any change in test perform-
ance above the performance floor are observed.

The ability to climb stairs is an important functional attribute,
especially in older adults. Difficulty climbing stairs is one of the two
functional limitations most frequently reported by older adults with
mobility limitation (5-7) and was among the top five tasks that older
adults rated as being most difficult (5). Difficulty in climbing stairs
has also been reported as a marker of functional decline that can lead
to loss of independence (8). Although stair climbing requires contri-
butions from musculoskeletal, cardiopulmonary, and somatosensory
systems, it is most reliant on leg muscle power, the latter expressed as
the rate of muscle force generation (9-12). The stair climbing power
(SCP) test is being used increasingly as a performance-based measure
of physical function in efficacy trials of FPTs (13-17). However, pre-
vious studies that have used the stair climb test have had substan-
tial variation in how the test is performed, including the number
of steps, step height, ascents with or without descents, timing, and
the criterion variable (eg, time of ascent and/or descent, or power).
Because of its association with lower extremity muscle power, its
potential for a higher ceiling, and importance in activities of daily
living, we posited that the SCP test could provide a meaningful as-
sessment of the efficacy of FPTs. Here, we describe a standardized
approach to performing the SCP test, its performance characteris-
tics and response to the administration of a FPT in the setting of
randomized trials. The standardization of the SCP test could reduce
variation across trials and enhance its usefulness as a performance-
based measure of physical function.

Methods

Subjects

The data for the SCP test were collected in two randomized con-
trolled trials in older men investigating the efficacy of a transdermal
testosterone gel in improving lean mass, muscle performance, and
physical function; the Testosterone in Older Men with Mobility
Limitation (TOM) (13,18) (N = 146), and Testosterone’s Effects on
Atherosclerosis Progression in Aging Men (TEAAM) trials (14,19)
(N =253).The participants in the TOM trial were at least 65 years of
age with low to low-normal serum total testosterone (100-350 ng/
dL) or low free testosterone (<50 pg/mL). These subjects were
mobility-limited defined by self-reported difficulty in walking two

blocks or climbing stairs and an short physical performance battery
total score between 4 and 9 indicating mild-to-moderate mobility
limitations (20). The TEAAM study included men at least 60 years
of age who had low to low-normal serum total testosterone (100—
400 ng/dL) or low free testosterone (<50 pg/mL) and were relatively
healthy. All muscle performance variables assessed in the TEAAM
trial were collected at baseline and at 6 months. Exclusion criteria
for both studies included any contraindication to testosterone ad-
ministration or other orthopedic, cardiac, cognitive, or neurological
condition that would prohibit functional assessment. Fasting serum
total testosterone concentrations were measured using an immuno-
assay with a sensitivity of 10 ng/dL in both trials (21). Subjects
provided informed consent. The studies were approved by the insti-
tutional review boards at the participating sites.

Interventions

Details of the TOM and TEAAM trials have been described (18,19).
Participants in the TOM trial were randomized to apply 10 g of either
placebo or 1% testosterone transdermal gel daily for 6 months. Men
in the TEAAM trial were randomized to either 7.5 g of 1% testos-
terone gel or placebo gel daily for 3 years. Two weeks after random-
ization, doses were adjusted in both trials to maintain on-treatment
testosterone levels in the mid-normal range for young eugonadal men
(~500 ng/dL). To maintain blinding, an unblinded study staff adjusted
the dose of participants in the placebo group simultaneously.

Assessment of SCP

Subject preparation

Participants wore comfortable clothes and athletic shoes, or shoes
with non-slip soles. A checklist was used to determine if the subject
had any contraindications for testing, including severe limitations in
lower body mobility, balance problems, major visual impairment,
or degree of cardiopulmonary disease deemed to require exclusion
from the test. Body mass was measured with shoes and clothing. The
subjects rested for 5 minutes before the test began. Blood pressure
and heart rate were measured at the end of the rest period.

Equipment

We used a well-lit 12-step interior staircase with handrails for the
stair climb task. The rise (height) of each step was measured to the
nearest millimeter and summed to obtain the total rise for the 12
steps. Time of ascent was measured with an electronic timing system
consisting of a digital timer and switch mats with non-skid surfaces
(Lafayette Instruments, Lafayette, IN) placed 15 cm from the base
of the steps and on the 12th step). Orange cones were placed on the
12th step to mark the number of steps over which subjects should
maintain their effort.

Procedure

Subjects were instructed to climb the stairs one step at a time, as
fast as safely possible without running, skipping steps, or assistance.
The subjects were not allowed to use the handrail except as needed
for balance. The examiner demonstrated the test and used scripted
instructions. Subjects were positioned one stride length behind the
first switch mat and instructed to start on the command “go.” Time
started when the subject stepped on the first switch mat. Examiners
followed the subjects during the climb to provide assistance if needed
but without pacing the subject. After the ascent, subjects descended
the steps with examiner assistance, were seated, and provided with
1.5 minutes of rest before the second trial.
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Stopping criteria for the test

The test was stopped if the participant reported chest discomfort,
significant shortness of breath, feeling faint or lightheaded, or if the
subject did not reach the 12th step within 2 minutes. If the subject
discontinued the test before the 12th step, total time for ascent was
recorded as 2:00 minutes.

The Stair Climb Power Test

The SCP test was administered under two conditions: climbing
the stairs normally (“unloaded,” USCP) and while carrying a load
(“loaded,” LSCP). We hypothesized that the loaded condition would
raise the ceiling of the test and increase the likelihood of detecting
a response to the intervention compared to the unloaded test.
Participants performed the LSCP test while carrying 20% of body
mass. This mass was in the form of weight plates divided evenly
among two canvas tote bags with one tote bag carried in each hand.
The same absolute mass was used in subsequent tests. Prior to the
test, each subject was allowed to lift the bags, take a few steps, and
then agree or disagree with the question “do you feel it is safe for you
to climb the steps caring these weights?” The test was not adminis-
tered to those who disagreed.

Criterion Measure

Total ascent time was registered and power was calculated from the
subjects’ body mass (kg) plus the load carried, total rise (m) of the
steps, the acceleration of gravity, and time of ascent [equation (1)].

(body mass + load carried (kg)) x 9.81 m/s? x total rise (m)
time (s)
(1)

SCP =

Other Measures

Additional muscle performance tests were evaluated as outcomes in
the original studies, but the relationship between their changes and
changes in SCP were assessed for this report. Leg press strength was
measured with a seated leg press machine (A420; Keiser Sport, Inc.,
Fresno, CA) using pneumatic resistance and the one-repetition max-
imum (1-RM) method (22). Leg press power was assessed using the
same leg press machine with loads of 50%, 60%, and 70% of the
1-RM. The highest peak power was used in the analysis. All study
sites used the same make and model leg press machine. Gait speed
was measured during unloaded and loaded (20% body mass) 40
m walk tests using a switch mat and infrared timing system (22).
Subjects were instructed to walk as fast as safely possible without
running, and were allowed to use assistive devices (eg, canes and
walkers) as needed. Two trials were given for each condition with
1.5 minutes rest between trials (22).

Data Analyses

Feasibility of the statistical assumptions was explored graphically
and quantitatively. Assessment of potential outlying values was
examined using outer Tukey’s fences criteria. In addition, measures
of physical function that were not biologically plausible were also
considered outliers. Baseline associations between LSCP and USCP
with demographic data, total testosterone and performance measures
were assessed using linear regression models. Associations between
changes in SCP and changes in leg press strength, leg press power, and
gait speed were also examined using linear regression models; these
analyses were conducted in testosterone groups only using the best
trial of SCP and gait speed for each condition (loaded or unloaded).

In the absence of linear relationships between measures, nonlinear
associations were investigated using restricted cubic splines (23).
Estimates, corresponding 95% confidence intervals (CIs), R-squared
metrics, and p values are presented for each association. Reliability
of the selected measures was determined by examining the agreement
between Trial 1 and Trial 2 using intra-class correlation (ICC) and
Bland-Altman analysis (24). For ICCs, a two-way mixed-model for
repeated measures was used. In the Bland-Altman method, the dif-
ference between Trials 1 and 2 (Trial 2 subtracted from Trial 1) was
plotted against the mean of the two measurements.

All analyses were conducted separately for each study using
SAS v.9.3 (SAS Institute, Cary, NC) and R software version 3.2.4.
Statistical tests were two-sided with Type I error alpha of 0.05.

Results

Baseline Characteristics of the Participants

The baseline characteristics of the participants in the two trials in-
cluded in the present study, including those randomized to placebo
and testosterone groups, are summarized in Supplementary Table
1. The mean = SD age of the TOM trial participants was 73.0 =
5.2 years, body mass of 89.5 = 13.8 kg, and body mass index of
29.9 = 4.2 kg/m?, and total testosterone was 244.9 = 62.1 ng/dL.
TEAAM trial participants were 67.0 = 5.0 years of age, had body
mass of 86.6 = 11.0 kg, with body mass index of 28.2 = 3.0 kg/m?,
and total testosterone was 312.2 = 63.9 ng/dL. No subject exceeded
36 seconds to perform a SCP test. Community-dwelling older men
(TEAAM trial) exhibited higher USCP and higher LSCP than older
men with mobility limitations (TOM trial; Supplementary Table 1).

Distribution of SCP in Community-Dwelling Older

Men and Older Men With Mobility Limitations

Both USCP and LSCP were negatively associated with age in
community-dwelling and mobility-limited older men (all p values
<.001; Figure 1; Table 1). Baseline total testosterone in TEAAM trial,
had a weak positive association with USCP (p = .007; R? = .029),
but not with LSCP (p = .220; R? = .007). Baseline total testosterone
in TOM trial participants was not associated with USCP or LSCP
(Figures 1; Table 1). Baseline body mass and body mass index were
positively associated with USCP and LSCP in both cohorts (Table
1; Supplementary Figure 1). Baseline USCP and LSCP were strongly
and positively associated with leg press 1-RM and peak power
(Figure 1; Table 1), and unloaded and loaded gait speed in both co-
horts (all p values <.001; Figure 2; Table 1).

Changes in Men Treated With Testosterone

TOM trial

In the TOM trial, serum total testosterone concentrations increased
more in men treated with testosterone (mean increase at 6 months of
358.6 ng/dL; 95% CI = 241.5 to 475.8 ng/dL) than in those in the pla-
cebo arm (64.0 ng/dL; 95% CI = 24.0 to 104.0 ng/dL). In men treated
with testosterone, age-adjusted changes in leg press 1-RM were asso-
ciated with changes in USCP [similarly to unadjusted analyses previ-
ously reported (13)] but not with changes in LSCP; changes in leg press
power were associated with LSCP (Figure 3; Table 2). Also, changes
in leg press strength and power were not associated with changes in
gait speed. Changes in testosterone levels in the testosterone arm were
associated with changes in both USCP and LSCP but not with changes
in gait speed (Figure 4). Changes in gait speed were not associated with
changes in USCP or LSCP (Figure 3).
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Figure 1. Baseline associations between stair climbing power and subject
characteristics in both trials.

TEAAM trial

In the TEAAM trial, mean on-treatment increase in serum total
testosterone concentration at 6 months was 311.0 ng/dL (95%
CI=239.6 to 382.4 ng/dL) in men randomized to testosterone, while
mean level in the placebo arm did not change significantly (52.0 ng/
dL; 95% CI = 28.6 to 75.4 ng/dL). In men randomized to testos-
terone, changes in USCP and LSCP, but not gait speed, were asso-
ciated with changes in leg press 1-RM and leg press power (Figure
3; Table 2). Contrasting with TOM trial findings, changes in testos-
terone levels were not associated with performance in SCP tests or
gait speed (Figure 4), and changes in gait speed were not associated
with changes in USCP or LSCP (Figure 3).

Test-Retest Reliability

The test-retest measures of the USCP and the LSCP tests demon-
strated excellent agreement; at baseline, in the TOM trial, ICC was
0.93 (95% CI=0.90 to 0.95) and 0.97 (95% CI = 0.95 to 0.98), for
USCP and LSCP, respectively. The Bland-Altman analysis revealed
significant bias between Trial 1 and Trial 2 of -11.53 W (95%
CI=-17.81t0-5.24 W) for USCP and -10.32 W (95% CI = -14.71
to =5.92) for LSCP measures (Supplementary Figure 2A) at base-
line. ICC values similar to those seen at baseline were found at
6 months for both groups (Supplementary Table 2), and bias be-
tween Trials 1 and 2 in the testosterone group was nonsignificant
(1.28 W; 95% CI = -10.09 to 12.64 W) for USCP and for LSCP
(-5.39 W; 95% CI = -15.42 to 4.65 W) (Supplementary Figure
2B); bias between Trials 1 and 2 in the placebo group was also
nonsignificant at 6 months for USCP (-3.82 W; 95% CI = -17.56
to 9.92 W) and for LSCP (-7.71 W; 95% CI = -17.15 to 1.74 W)
(Supplementary Figure 2C).

For the TEAAM trial, at baseline ICC was 0.91 (95% CI = 0.87
to 0.94) and 0.95 (95% CI = 0.93 to 0.97), for USCP and LSCP, re-
spectively. The Bland—Altman analysis also revealed significant bias
for USCP (-29.98 W; 95% CI = -37.63 to -22.33 W) and for LSCP
-31.84 W (95% CI = -37.32 to -26.35) between Trials 1 and 2 at
baseline (Supplementary Figure 3A). As observed in the TOM trial,
ICC at 6 months was similar to baseline, regardless of treatment
group (Supplementary Table 2). Bias between Trials 1 and 2 in the
testosterone group at 6 months was -29.50 W (95% CI = -39.50 to
-19.50 W) for USCP and -22.44 W (95% CI = -32.82 to -12.07 W)
for LSCP (Supplementary Figure 3B); bias between Trials 1 and 2 in
the placebo group was -29.15 W (95% CI = -39.30 to -18.99 W)
for USCP and -31.81 W (95% CI = -44.09 to -19.54 W) for LSCP
(Supplementary Figure 3C).

Safety
No adverse events were recorded in nearly 2,500 USCP and LSCP
tests in these two trials.

Discussion

We describe here a standardized method for the SCP test that can
be used as a performance-based measure of physical function in
randomized trials of FPTs. Implementation of a standardized ap-
proach to the SCP test should allow a more accurate evaluation of
efficacy across different trial sites and studies, as well as the exe-
cution of appropriate meta-analytical analyses of findings in future
trials of FPT. The SCP test is safe and has excellent test-retest re-
liability in community-dwelling and mobility-limited older men.
Importantly, the SCP test was consistently responsive to changes
in muscle strength and muscle power associated with testosterone
treatment in both trials. Other randomized trials of promyogenic
drugs, such as testosterone and selective androgen receptor modula-
tors, have also reported that SCP is substantially more responsive to
change during administration of promyogenic drugs than gait speed.
Therefore, the SCP test could serve as a reliable, convenient, and safe
performance-based measure of physical function in efficacy trials of
promyogenic drugs that act primarily by increasing muscle mass and
muscle strength.

We show that increasing serum total testosterone in older men
with low or low-normal baseline serum testosterone levels who are
mobility-limited significantly associates with change in SCP but
not gait speed. However, neither changes in USCP, LSCP, nor gait
speed were associated with changes in total testosterone in older
community-dwelling healthy men. Changes in SCP were well as-
sociated with changes in more proximal measures of muscle per-
formance (eg, leg muscle strength and power) in men treated with
testosterone in both trials, whereas gait speed was not. The signifi-
cant associations between SCP and leg press power add to previous
reports of the validity of the SCP test (11,25).

The study also confirms the excellent reliability of the SCP we
previously noted in small samples of young and older men (22).
Agreement by ICCs was excellent (0.942-992) but performance in
Test 2 was marginally better than in Test 1. The ICCs for the LSCP
test were also greater than 0.940, bias was similar, and the LSCP test
better discriminated between young men, healthy older men, and
mobility-limited older men (22). In the present study, ICCs in both
cohorts were high and some bias toward higher SCP in the first trial
was observed at baseline in both studies, as well as at 6 months in the
TEAAM trial. The reasons for these contrasting findings in bias be-
tween our present and past studies are not clear but might be related
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Figure 2. Baseline associations between stair climbing power and gait speed
in both trials.

to the smaller sample size of our previous report. It is also possible
that 1.5 minutes rest between trials is insufficient to allow for full
recovery in some men. Nonetheless, using the best of the two trials
should minimize the impact of bias to evaluations. Future studies
should evaluate the impact of longer rest periods between trials.

Gait speed has been used widely as an efficacy outcome in ran-
domized trials of FPTs. However, the changes in gait speed in most
trials of testosterone, selective androgen receptor modulators, and
myostatin antagonists have been small and not statistically significant
despite significant gains in muscle mass and strength (13,14,26-28).
In the present analyses, changes in gait speed in testosterone-treated
men were not associated with changes in leg press strength, leg
power, or testosterone levels. In contrast, SCP tests were responsive
to testosterone administration, and the improvements in both USCP
and LSCP were associated with changes in testosterone levels (in
the TOM trial), as well as leg press strength and leg power. Our
analyses suggest that gait speed and SCP assess different attributes
of muscle performance and physical function and respond differ-
ently to promyogenic agents in older men. These findings support the
use of the SCP test as a more sensitive measure of lower extremity
function that is better aligned with lower extremity muscle strength
and power and is more responsive than gait speed to interventions
that increase muscle strength. The ability to climb stairs is important
during daily activities as well as in emergency situations. Difficulty
in climbing stairs is a common complaint among older adults with
mobility limitation (5-7). Therefore, the SCP test may be particularly
useful as a performance-based patient-important measure of phys-
ical function in efficacy trials of FPTs.

Because of the short time it takes to climb 12 steps, a high level
of precision in timing is necessary in reducing test-retest variability.
Timing precision is probably increased by the utilization of switch
mats to trigger the starting and stopping of electronic timers. In add-
ition, the test’s reliability can be optimized by performing two trials
and using the better of the two trials as the criterion measure. Manual
measurement of stair climb time with a stopwatch may be affected
by delays related to simple reaction time (29) from the examiner
(activating/stopping the device), as well as chronostasis (distortion of
time perception in visual recognition of movement (30) by the exam-
iner). Nonetheless, one might still apply hand-held devices if one is
willing to accept these potential sources of error.

Both USCP and LSCP tests are safe; we performed more than
2,500 stair climb tests without an adverse event even in mobility-
limited older men. We attribute this to careful screening, instruction,
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Figure 3. Associations between changes from baseline at 6 months in stair
climbing power and changes in muscle strength, muscle power, and gait
speed in both trials.

and careful monitoring during the climbs. In addition, verifying if
subjects felt comfortable climbing the stairs while carrying the tots
before the test took place might have played a role in the overall
safety of the LSCP test.

Knowledge of the minimally important difference is valuable for
interpreting the clinical meaningfulness of intervention efficacy. We
previously reported minimally important differences of 38.9 and
60.7 W for USCP and LSCP, respectively, for the same sample of
mobility-limited older men included is this report (13). These min-
imally important differences were computed using an anchor-based
method that used a Likert scale that compared global ratings of
perceived change in stair climbing ability. Because minimally im-
portant differences are specific to the context and the study popula-
tion, similar data should be derived in other populations using the
SCP test so as to guide sample size estimates and to understand the
clinical meaningfulness of treatment effects in pivotal trials. New
technologies such as wearable sensors to measure acceleration, force,
and vertical distance for automated calculation of SCP could reduce
staff burden and enhance precision but need validation.

Limitations

This report has some limitations. These studies enrolled either
healthy older men or older men with mobility limitation with low or
low-normal testosterone levels; generalizability to women, more dis-
abled populations or to younger adults should be investigated. The
tests may not be possible or safe in older adults with severe mobility
limitation or balance problems. Many participants did not have
follow-up measures of some physical function tests, which decreased
the power of some analyses; with our limited power, statistically
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Figure 4. Associations between change from baseline at 6 months in total
testosterone with changes in stair climb power and gait speed in both trials.

significant associations demonstrate sufficiently strong relationships
between dependent and independent variables and, potentially, a
ceiling effect. However, if a true ceiling effect is present in the popu-
lation, it cannot be determined with our data. Both trials used tes-
tosterone as the promyogenic drug; the experience with the SCP test
in trials of other FPTs is limited but might be similarly reliable for
other therapies and types of interventions (eg, resistance training).
We used a 12-step staircase in our studies, but this might not be
available at all institutions. However, it is possible that a staircase
with eight steps could provide a reasonable alternative; this remains
to be demonstrated.

Conclusions

The SCP test is a safe and useful performance-based measure of phys-
ical function which can be standardized to achieve high levels of pre-
cision and test-retest reliability. Because of the importance of stair
climbing in daily activities, the relation of SCP to lower extremity
muscle strength and muscle power, and its relatively higher ceiling,
the SCP test may serve as a useful performance-based measure of
physical function in efficacy trials of promyogenic FPT, which act by
increasing muscle strength.

Supplementary Material

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