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Introduction
Stair climbing is a functional activity that is essential to independent 

mobility in most community settings. The inability to use stairs to 
access multi-story facilities may create a social disadvantage for 
some older adults, not to mention an increased injury risk. Although 
statistics on falls and fall-related injuries among older adults have 
been well documented by multiple investigators, fewer studies have 
focused on the incidence of falls involving steps or stairs. Of the 
20,823 fall-related deaths reported by the National Safety Council in 
2006, approximately 9% occurred on steps/stairs.1 More recently, the 
Consumer Product Safety Commission2 documented injuries among 
people aged 65 and older that were caused by various consumer 
products and required emergency care. They reported over 200,000 
injuries and more than 2,000 deaths specifically associated with stairs 
or steps; common injuries included fractures (29.3%), contusions/
abrasions (22.1%), internal injuries (16%), lacerations (10%) and 
sprains/strains (7.9%). In a Canadian study of patients admitted to 
an urban hospital, Ragg et al.3 reported that 46% of stairway falls 
involved people over age 60, most of who fell in their own homes. 
The mortality rate (52%) for this age group was more than double that 
of younger patients, with head and neck trauma cited as the leading 
cause of death. Although many older adults prefer living in single-

story dwellings, these data create a safety concern for those residing in 
multi-story buildings who must be able to negotiate stairs in the event 
of an emergency, such as fire, when elevators are inoperable. A report 
issued by the United States Fire Administration4 indicated that 30% of 
all fire-related deaths involved older adults, a finding which clearly 
suggests a higher safety risk for this population.

Startzell et al.5 identified several age-related impairments 
associated with difficulty and safety on stairs including poor vision, 
somatosensory loss, cardiovascular demands, musculoskeletal 
limitations, joint disease and surgery, reduced cognition and 
neurological disorders. Several other investigators have examined 
the relationship between stair-climbing speed and specific physical 
performance measures and have reported significant correlations with 
lower extremity strength, foot problems, reaction time, pain, balance, 
visual acuity and gait speed.6‒10 Although some functional assessment 
scales include stair-climbing as a component, a recent review by 
Van Iersal et al.11 found that most of these scales lacked sufficient 
validity and consistency to evaluate how well older adults can actually 
negotiate stairs. Thus, the aim of this study was to identify which 
physical performance tests, if any, could best differentiate between 
older adults who can and cannot safely and independently negotiate 
stairs with or without the use of handrails or assistive devices. A 
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Abstract

Objectives: Stair-climbing is a difficult activity for many older adults. Those unable 
to ambulate independently on stairs are at greater risk for falls and injury, particularly 
in emergency situations. The purpose of this study was to determine which physical 
performance tests could best predict safe and independent stair-climbing ability in this 
population.

Design: Quasi-experimental and correlational.

Setting: Community-based senior centers, assisted living, and nursing facilities in 
Abilene, Texas

Participants: Ninety-seven older adults (mean age 80.5±10); 54 stair climbers and 43 
non-stair climbers.

Measurements: Subjects performed the following functional tests in random 
sequence: 5 times sit-to-stand (5TSTS), one-legged stance time (OLST), functional 
reach (FR), self-selected gait speed (GS), and the 10-step test (TST). Mean test scores 
were compared via t-tests and a discriminant analysis determined which tests were the 
best predictors of stair climbing ability.

Results: Stair-climbers performed significantly better on all tests. Tests that best 
discriminated between the 2 groups were 5TSTS, OLST, and GS (Wilks lambda=0.306, 
p<.001). The canonical correlation was 0.83 indicating that these 3 tests accounted for 
69% of the variance in an older adult’s stair-climbing ability and correctly classified 
98% of subjects. Based on group means and variances, recommended cut-off scores 
for identifying non-stair climbers included GS<0.7 m/s, OLST<5s, and 5TSTS>15s.

Conclusion: On average, stair climbers tend to walk twice as fast (1.0 vs. 0.5m/s), 
stand longer on one leg (24vs. 1s), and complete 5 chair stands in less time (32vs. 
14s) than non-stair climbers. The single best discriminating factor was GS with the 
majority of stair-climbers walking faster than 0.7m/s.
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secondary aim was to identify potential cut-off scores for these tests 
to identify older adults who are unlikely to be stair climbers.

Methods
Sample

We recruited 43 older adults (mean age=81±12.4 years) who were 
unable to independently climb a straight stairway (defined as 8-10 
steps) from several assisted living and nursing home facilities in 
Abilene, Texas. Non-stair climbers were identified as such via self-
admission or by the assessment of a physical therapist in the facility. 
Data from 54 community-dwelling stair climbers of similar age 
(80±8years) were collected in a prior study and included volunteers 
from local churches and senior centers.7 The overall sample (n=97) 
included 33 men (34%) and 64 women (66%). Prior to signing an 
informed consent, subjects were asked information related to daily 
medications, current and recent medical conditions, and use of 
assistive devices for purposes of determining their eligibility to 
participate. Individuals were excluded if they (1) had moderate to 
severe dementia; (2) were legally blind; or (3) had been hospitalized 
or undergone a surgical procedure within the past month. No protected 
health information was recorded or utilized in our data analysis.

Procedures

Subjects performed the following physical performance tests in 
random sequence: 5 times sit-to stand test (5TSTS), one-legged stance 
time (OLST), functional reach (FR), self-selected gait speed (GS), 
and the 10-step test (TST). These standardized tests were selected 
because they all assess some functional component of stair-climbing, 
have established validity and reliability12 and are easily performed 
in any setting. With the exception of the 5TSTS, subjects performed 
each test twice, and the average scores were used for data analysis. 
Subjects wore a gait belt for safety and had stand-by supervision from 
another person to guard against falls. 

The 5TSTS test is a functional assessment of leg strength which 
requires a repetitive concentric and eccentric contraction similar to 
the activity pattern required to ascend and descend stairs.13‒15 The 
5TSTS has been highly correlated with measures of knee muscle 
strength16 and walking speed14 in older adults. Subjects were seated 
in an armless chair of standard height (0.45 m) with feet flat on floor 
and arms folded across their chest. Those unable to get up without the 
use of hands were allowed to push up from the chair seat. Subjects 
were then timed with a standard stopwatch as they stood up and down 
5 times as quickly as possible. One-legged stance time (OLST) was 
used to measure static balance in a narrow base of support as needed 
when climbing stairs. Prior studies indicate that OLST has good 
predictive validity for falls.17 Subjects’ self-selected their dominant 
stance leg and were instructed to raise their non-dominant foot off the 
floor while keeping their arms folded across their chest. Subjects were 
timed with a standard stopwatch up to 1 minute. The test ended when 
subjects placed their foot back on the floor, uncrossed their arms, or 
moved their dominant leg (i.e., tried to “hop” in place). Nineteen non-
stair climbers were unable to balance on one leg for any amount of 
time and received a score of “0.”

Functional reach (FR) is a commonly used balance test that 
assesses one’s ability to reach forward while maintaining a fixed base 
of support. FR is easy to administer and is a good predictor of frailty 
and fall risk in older adults.18‒20 For this test, subjects stood next to the 
wall with feet in a normal-width stance and weight equally distributed 

between their feet. Their shoulder was flexed to 90° with an extended 
elbow and an initial measurement (cm) was taken at the tip of the 3rd 
finger using a wall-mounted yardstick. Subjects then leaned forward 
as far as possible without raising their heels or taking a step. A second 
measurement was recorded at that point and subtracted from the initial 
measurement to obtain their FR. Four non-stair climbers (9%) were 
unable to perform this test and received a score of “0.”

Gait speed (GS) is often referred to as the “new vital sign” because 
it has been strongly associated with independent functioning in older 
adults and is a sensitive predictor of physical disability, fall risk, 
chronic illness and premature death.13,21‒26 Subjects were instructed to 
walk at their usual pace for approximately 10 meters, using an assistive 
device if needed. They were timed over a distance of 5 meters in the 
middle of the walkway and these measures were used to calculate gait 
speed in meters per second. 

The 10-step test (TST) was selected to assess subjects’ ability to 
perform a rapid, alternating weight-shift in both the A-P and lateral 
directions.27 The TST has been moderately associated with muscle 
strength and FR and more highly correlated with reaction time and 
fall risk.28 While standing, subjects were instructed to alternately 
place each foot up onto the 10-cm high block and back down again 
10 consecutive times without assistance; times were recorded using 
a standard stopwatch. The test was terminated in 30 (70%) non-stair 
climbers who could not complete the TST unassisted; their scores 
were omitted from the data analysis. 

Data analysis
Descriptive statistics were used to analyze demographic 

information and calculate average scores, ranges, and standard 
deviations for each functional test. Independent t-tests compared mean 
scores of both groups to test our hypothesis that stair climbers would 
perform significantly better than non-stair climbers on each functional 
mobility test. A discriminant analysis was used to determine which 
functional tests were the best predictors of stair climbing ability. 
Subjects who could not perform the OLST or FR tests were scored 
as “0;” however, we could not assign a “0” score to those unable to 
perform the 5TSTS or TST because a lower score indicates better 
performance on these tests. To retain the power of our data analysis, 
we allowed the statistical program to substitute mean scores (for each 
respective group) for the 5TSTS and TST variables, thus preserving 
the original sample size of 97. All data were analyzed at the .01alpha 
level using SPSS 23 statistical software. 

Results
Stair climbers outperformed non-stair climbers on all physical 

performance tests (Table 1). On average, stair climbers completed 
the 5STST approximately 18 seconds faster (t=4.866, p=<.001), had 
11 cm greater FR (t=-6.536, p<.001), stood on one leg 23 seconds 
longer (t=-8.003, p<.001), walked 0.5 m/s faster (t=-8.440, p<.001), 
and completed the TST 28 seconds faster (t=3.835, p=.002) than non-
stair climbers. 

A stepwise discriminant analysis eliminated FR as a significant 
predictor in the regression model. Because so few subjects were able to 
complete the TST unassisted, we also chose to eliminate this variable 
from our statistical model. Thus, the final tests in the prediction model 
included the 5STST, OLST and GS (Wilks lambda = .332, p=<0.001). 
The canonical correlation was 0.827 indicating that these 3 tests 
accounted for nearly 69% of the variance in an older adult’s stair-
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climbing ability. Standardized discriminant coefficients indicated 
that GS was most highly correlated test (0.774) followed by OLST 
(0.683) and 5TSTS (-0.461). These 3 predictors correctly classified 
96% of subjects in the original sample and 95% of subjects in a 
cross-validated sample. Using the constant (-2.8) and unstandardized 
coefficients derived from this analysis, the following equation was 
developed to predict whether an older adult is more likely to be a stair 
climber or non-stair climber:

X = (-2.8) + GS (3.2) + OLST (.04) – 5TSTS (.04)

Once a score (X) is obtained from this equation, it is compared to 
the following reference values for each group: +1.1 for stair climbers 
and -1.9 for non-stair climbers. The predicted classification is reflected 
by whichever reference value the obtained value (X) is closest to. 
For example, an individual with a GS of 1.1 m/s whose OLST is 
30 s and 5TSTS time is 15 s would have a predicted value of 1.32 
which exceeds the reference value for a stair climber. By contrast, an 
individual with a GS of .7m/s whose OLST is 5 s and 5TSTS time 
is 35 s would have a predicted value of -1.76 which is closer to the 
reference value for a non-stair climber.

Table 1 Physical Performance Comparison of Stair Climbers (SC) and Non-
Stair Climbers (NSC)

Test Range  Mean  Sd  

 SC NSC SC NSC SC NSC

5TSTS (s) 8.4 - 42.7 10.8 - 85.0 14.4 32 5.3 18.8

FR (cm) 8.9 - 41.9 0 - 40.6 25.1 14.1 8.2 8.7

OLST (s) 0.5 - 60.0 0 - 11.2 24.4 1.4 20.9 2.4

GS (m/s) 0.6 - 3.0 0.1 - 0.9 1 0.05 0.4 0.2

TST (s) 16.3 - 81.2 21.6 - 115.0 29.4 57.5 10.6 25.8

We also assessed the test-retest reliability of the tests used in 
the prediction model; the intraclass correlation coefficients (ICCs) 
ranged from 0.88 to 0.96. Thus, we used the mean scores and standard 
deviations to identify potential cut-offs to use when screening older 
adults’ for their stair-climbing ability. These recommended cut-offs 
suggest a low likelihood of independent stair-climbing for older 
adults who walk slower than 0.7m/s, stand on one leg less than 5s, and 
cannot complete 5 chair stands within 15s.

Discussion
Results of the t-tests supported our research hypothesis and 

indicated stair climbers generally walk twice as fast, balance at least 
20 seconds longer on one leg, and can perform the 5TSTS test in half 
the time as non-stair climbers. Using our predictive model, we were 
able to correctly classify a very high percentage of subjects based on 
their average GS, OLST, and 5TSTS test scores, regardless of their 
age. The strong predictive validity of this model may be used to 
determine whether an older adult is likely to be a safe and functional 
stair climber. The utility of this model is relatively high given the ease 
of conducting these physical performance tests in any practice setting 
(home, office, hospital room) without the need for instruments other 
than a stopwatch which can be found on most cell phones. 

Although our study did not consider the influence of medication use 
or number of comorbidities on subjects’ stair climbing ability, these 
factors are well known to have an adverse effect physical function. 

The majority of our subjects, particularly those in our non-stair 
climber group, were taking multiple medications. Other limitations 
of our study include the inability to score some of the frailest subjects 
who could not complete the 5TSTS and TST which may have over-
estimated the mean scores for non-stair climbers (Table 1) in these 
particular tests. In addition, we noted a large amount of variance 
in several test scores, particularly OLST and 5TSTS. Thus, further 
studies should be conducted with larger samples to determine whether 
our results are reproducible before recommending widespread use of 
this prediction equation. Calculations of sensitivity and specificity for 
each set of test scores may also be used to determine more exact cut-
offs for the strongest predictors, particularly gait speed. Nevertheless, 
the results of this study support previous investigations that have 
found moderate to strong relationships between stair negotiation and 
physical performance measures of balance and strength.13,29,30 These 
results may assist health care practitioners and residential directors 
when recommending safe housing options for geriatric clients who 
have physical limitations. 

Given the nature of these predictive tests, a home exercise program 
that consists of brisk walking (with or without an assistive device), 
lower extremity strengthening (as needed to rise from a chair), and 
balance training (as needed to shift weight quickly from one limb 
to the other), would most likely improve an older adult’s ability to 
independently climb stairs as well as reduce his or her risk for falling. 
Retirement facilities that routinely offer physical activity programs 
for their residents should make sure these programs include all three 
exercise components.

Conclusion
Significant differences exist in the physical performance of older 

adults who can and cannot independently climb stairs. Tests of self-
selected gait speed, repetitive chair stands, and one-legged stance 
time were significant predictors of stair-climbing ability, with gait 
speed being the most highly correlated variable. Based on means and 
variances of data gathered from stair climbers and non-stair climbers 
in this study, a gait speed of 0.7 m/s is a recommended threshold for 
safe, independent stair-climbing. In addition, older adults who cannot 
stand on one leg more than 5seconds or complete 5 chair stands in at 
least 15seconds are unlikely to be independent stair climbers.
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