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Abstract

Objective—To establish reference values for stair ascent and descent times in community
dwelling ambulatory older adults, and to examine their predictive validity for functional decline.

Design—Longitudinal cohort study. Mean follow-up time was 1.8 year (maximum 3.2 y, total
857.9 person-years).

Setting—Community sample.

Participants—Older adults age 70 and older (N=513; mean age, 80.8+5.1y), without disability
or dementia.

Interventions—Not applicable.

Main Outcome Measures—Time to ascend and descend 3 steps measured at baseline. 14 point
Disability scale assessed functional status at baseline and at follow-up interviews every 2-3
months. Functional decline was defined as an increase in the disability score by 1-point during the
follow-up period.

Results—The mean + standard deviation (SD) stair ascent and descent time for three steps was
2.78 £1.49 and 2.83 +1.61 sec respectively. The proportion of self-reported and objective
difficulty was higher with longer stair ascent and descent times (P<.001 for trend for both stair
ascent and descent). Of the 472 participants with at least one follow-up interview, 315 developed
functional decline with a 12-month cumulative incidence of 56.6% (95% confidence interval, Cl,
52.1-61.3%). The stair negotiation time was a significant predictor of functional decline after
adjusting for covariates including gait velocity (adjusted hazard ratio per one-second increase,
aHR 1.12, 95% CI 1.04-1.21 for stair ascent time, aHR 1.15, 95% CI 1.07-1.24 for stair descent
time). Stair descent time was a significant predictor of functional decline among relatively high-
functioning older adults reporting no difficulty in stair negotiation (P=.001).
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Conclusions—The stair ascent and descent times are simple, quick, and valid clinical measures
for assessing the risk of functional decline in community dwelling older adults including high-
functioning individuals.

Keywords
Rehabilitation; Activities of daily living; Aged

Stair negotiation is one of the most demanding and hazardous activities with more than 10%
of fatal falls in older adults occurring while going down stairs.! Self-reported ability to
climb stairs is considered as a key marker of functional independence in older adults.1=3
Difficulty in climbing stairs in older adults predicted readmission to hospital within a month
after being discharged from the emergency department.# In hospital settings, stair-climbing
ability is often used to decide whether a patient may be sent home or to a nursing facility.>:

Stair negotiation is often assessed as one of the components of functional assessment
scales.379 Stair climbing is assessed by self-report in the majority of these scales. The
questionnaires for stair negotiation, however, are limited by unclear definitions (i.e. number
of steps), lack of validation, or only assessing stair ascent and not descent.3 Moreover, while
self-reported difficulty in stair negotiation may be a reliable and valid indicator,10 it is not a
direct measure of this motoric activity and does not adequately capture the variability in
performance seen on this task in older adults. Currently there exists no standard performance
test of stair negotiation ability with age and gender norms and the potential importance of
difficulty with stair descent!:10:11 as an indicator of functional status has been largely
overlooked.

Several quantitative measures have been reported assessing stair negotiation.12-16 These
measures have, however, limited use as reference measures due to inconsistency in the unit
(i.e. stair negotiation speed, cm/sec or steps/sec),14-16 lack of validated norms,17:18 not
distinguishing stair ascent and descent phases,13-17 or limited feasibility for low functioning
individuals (involving a full flight of stairs at the fastest speed).12.13.17

Developing reliable and valid quantitative measures that are complementary to self-report is
needed for better assessment of stair negotiation ability among older adults. The objective of
this study was threefold; to establish reference values for stair ascent and descent in
nondemented and nondisabled older adults living in the community, to assess the face
validity of stair negotiation times with subjective and objective stair negotiation ability
measures, and to examine the predictive validity of stair negotiation times for functional
decline in older adults including high functioning individuals.

METHODS

Study Population

We conducted a prospective cohort study nested within the Einstein Aging Study. The
primary aim of the Einstein Aging Study was to identify risk factors for dementia. Study
design has been previously reported.1® Potential participants (aged 70 and older) identified
from Bronx County population lists were invited for the study. Exclusion criteria included
severe auditory or visual loss, being bed-bound, and institutionalization. Of the 577
participants enrolled between March 2006 and January 2009, 41 were not tested on the stairs
protocol for the following reasons; joint pain (n=8), unsteadiness (n=17), tiredness (n=7),
and refusal without providing reasons (n=9). We excluded 4 participants with disability (see
definition below) and 19 with dementia? leaving 513 participants eligible for this study.
Follow-up for this study was through December 2010. All clinical and stair assessments
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were done in our research center using study protocols approved by the local institutional
review board.

Clinical Evaluation

Research assistants elicited history of medical illness at study visits using structured
questionnaires. Dichotomous rating (present or absent) of hypertension, diabetes, heart
failure, angina, myocardial infarction, strokes, Parkinson’s disease, chronic obstructive lung
disease, depression, and arthritis was used to calculate a summary illness index score (range
0-10) as previously described.21:22 Previous falls and status of fear of falling (yes or no)
were recorded. Depressive symptoms were measured by the 15-item Geriatric Depression
Scale,23 and cognitive status by the Blessed Information-Memory-Concentration Test.24
Gait velocity was measured using an instrumented walkway (457 x 90.2 x 0.64cm,
GAITRIitea).

Stair Negotiation

Prior to the stair test, all participants were asked whether they were willing to climb up and
down three steps. If participants were not comfortable or not willing with the procedure, the
test was not administered. To assess the stair negotiation times, participant stood with the
research assistant at the base of a well-lighted, uncarpeted flight of stairs with handrails.
Each step measured 18 ¢cm in height, 26 cm in depth, and 110 cm in width. These
dimensions are among the most frequently encountered in semi-public places and are within
the stair dimensions recommended by the Occupational Safety and Health Standards,2°
lending ecological validity to this test. Participants were instructed to climb the steps at their
preferred speed using handrails if necessary. We used three steps, which was more
preferable to our participants than a full flight of stairs (10 steps) as reported in our previous
study.10 Participants were asked about difficulty in stair negotiation before performing stair
negotiation using our previously validated questionnaire (Do you have difficulty climbing
stairs? Do you have difficulty coming down stairs?).10 Stair ascent timing was started using
a stopwatch once the participant began lifting their leading foot from the floor after the tester
said “go”. When the participant placed both feet flat on the third step, the timing was
stopped. After a brief rest, participants were requested to walk down. The stair descent
timing started from the time when the leading foot began lifting from the third step and
stopped when both feet were placed flat on the base of the stairs. Stair negotiation time was
measured to the hundredth of a second with one trial for stair ascent and descent. The test-
retest reliability for this measure was good (Pearson’s r=.94 for ascent time, r=.93 for
descent time) in a subsample of 20 participants. The use of handrails and objective difficulty
were noted by the tester. Testers intervened to assist the participants in case of safety
concerns.

Assessment of Activities of Daily Living and Definition of Functional Decline

Participants were assessed for ADL at the baseline study visit, every 2 to 3 months via
telephone interviews, and annual interviews at the research center using a validated
disability scale.26 The following 7 ADLs were assessed: bathing, dressing, grooming,
feeding, toileting, walking around home, and getting up from a chair. For each task,
participants were asked: “At the present time, are you unable or do you need help from
another person to complete the task?” If the response was “yes”, the task was scored 2. If the
response was “no”, participants were asked a follow-up question, “Do you have difficulty in
completing the task? The task was scored 1 for the response of “yes”, and 0 for the response
of “no”. The disability score was calculated as a sum of the scores from 7 ADLs with

AGAITRIte system; CIR systems Inc, 60 Garlor Drive, Havertown, PA, USA
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maximum disability score of 14 (requiring help for all 7 ADLs) and minimum of 0.
Disability was defined as inability or requiring personal assistance in any of the 7 ADLSs.
Functional decline was operationally defined as an increment of 1-point or more on the
disability score during follow-up period. The 1-point increment could represent a participant
who had no difficulty in all 7 ADLs at baseline reporting a new difficulty to perform any of
the 7 ADLSs or a participant who reported difficulty in ADLSs at baseline transitioning to
disability during follow-up.27:28 We also explored a more stringent alternate definition of
functional decline defining it as an increment in disability score by 2-points or more over
follow-up. The 2-point increment would correspond to developing a new disability or new
difficulty in doing two or more ADLSs over the follow-up.

Statistical Analysis

RESULTS

The mean and SD of the stair negotiation times were tabulated per 5-year age stratum for
each sex. The association between the stair negotiation times and clinical characteristics
were reported in univariate linear regression analysis. Data from the 472 participants with at
least one follow-up interview were analyzed by the Kaplan-Meier method to estimate the
cumulative probability of functional decline among tertiles of stair negotiation time. The
timing of event was estimated as the follow-up interview date at which functional decline
was reported for the first time. If participants had more than 6 months interval between
interviews, their follow-up was censored at the interview prior to this interval. Out of a total
of 3812 interviews, only 28 interviews (0.7%) from 28 participants had intervals of longer
than 6 months. Sensitivity analysis including interviews of intervals longer than 6 months
showed similar results as our main analysis, and are not reported.

Cox proportional-hazards regression analysis was performed to investigate whether stair
negotiation time was an independent predictor of functional decline. Ascent and descent
times were examined in separate models due to issues of collinearity. The covariates of
clinical importance or with p values of <0.1 in the univariate analysis were included in the
models. The final analysis included age, gender, ethnicity, illness index score, Blessed test
score, depression score, fear of falling status, disability score, and gait velocity at baseline.
Predictive validity of stair negotiation was also evaluated among subgroup of relatively high
functioning individuals. High functioning status was defined using a recommended cutscore
on gait velocity of 100 cm/sec or higher,2% and alternatively as no self-reported difficulty in
stair negotiation. Proportionality assumption was checked for each variable using the
Goodness-of-fit test based on the scaled Schoenfeld residual.30 All data analysis was
performed using STATAD version 10.1.

Study Population and Clinical Covariates

The baseline characteristics of 513 participants are summarized in table 1. None of the
participants had loss of balance, fell, or sustained injuries during the stair negotiation test.
The mean (SD) age was 80.8 (5.1) years and 60.2% were women. Of the 513 participants,
48% reported a previous fall and 34% fear of falling at baseline. In the univariate analysis,
stair ascent time was significantly longer with higher number of medical illnesses,
depressive symptoms, and disability scores, lower gait velocity, and in women and those
with fear of falling. Stair descent time showed a similar pattern of associations to stair ascent
time, and additional associations with older age and non-white ethnicity. To account for the
skewed distribution of stair negotiation time (skewed to the right, higher values), we also
performed the univariate analysis with inverse transformation of stair negotiation times. In

bstaTA Corp, 4505 Lakeway Drive, College Station, TX 77845.
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this analysis, older age became significantly associated with both stair ascent and descent
time. The remaining results from this analysis were not materially different from the
analysis without transformation. Hence, for ease of interpretation the remaining analyses
reported below are based on untransformed values.

Stair Ascent and Descent Time

Table 2 shows the mean values for stair negotiation times by gender and age groups. Overall
correlation between stair ascent and descent time was high (Pearson’s r=.77). The stair
ascent and descent times were greater with older age in men (P for trend=.040 for ascent and
P for trend=.012 for descent). Among women, this pattern was shown for stair descent (P
for trend=.024) but not for stair ascent.

Association with Self Reported Difficulty and Use of Handrails

The proportion of self-reported stair negotiation difficulty was compared by tertiles of stair
negotiation time (table 3). Similar pattern was shown in stair ascent and descent. The mean
values + SD of stair ascent and descent time were 3.16+1.64 and 3.60+2.01 sec for those
reporting difficulty in stair negotiation compared to 2.41+1.16 and 2.43+1.15 sec for those
without difficulty. The proportion of participants with self reported difficulty was 34.1% in
the lowest tertile compared to 70.2% in the highest tertile of stair ascent time (P for trend<.
001). Gender-specific tertiles showed similar pattern (34.1, 45.2, and 70.6% among the
lowest, middle, and highest tertiles respectively for women, 32.9, 37.8, and 68.1%
respectively for men, P for trend<.001 for both genders). Similar trend was shown for
difficulty observed by the tester and use of handrails during the test.

Stair Negotiation Time and Functional Decline

Four hundred and seventy-two participants with minimum one follow-up had a total of 3812
interviews (median, 8 interviews per participant). Mean overall follow-up time for the study
cohort was 1.8 years (not censoring at functional decline) with maximum of 3.2 years and
total 857.9 person-years follow-up time. Participants with no follow-up (n=41) did not differ
from participants with follow-up in terms of age, gender, ethnicity, mean stair ascent
(2.7£1.5 versus 2.8+1.4 sec), and stair descent times (2.7£1.5 versus 2.8+1.6 sec), however,
showed higher depression scores (2.6 versus 1.9, P=.040), illness index (1.8 versus 1.4, P=.
044) and higher prevalence of past falls (72.5 versus 45.3%) and fear of falling (50.0 versus
32.4%).

Of the 472 participants, 315 developed functional decline with a 12-month cumulative
incidence of 56.6% [95% ClI, 52.1-61.3%]. Mean follow-up time to incident functional
decline was 11.4 months. Functional-decline-free-survival by the tertiles of stair ascent and
descent times is presented in figure 1. There was an increasing trend noted in developing
functional decline over 12-months from 45.7% (95% CI, 38.1-54.0%) in the lowest to
61.8% (95% CI, 53.9-69.7%) in the highest tertiles of the stair ascent time (log rank test for
trend, P=.006). Similar pattern was shown for stair descent; 50.4% (95% Cl, 42.5-58.8%) in
the lowest and 62.5% (95% CI, 54.8-70.3%) in the highest tertiles (log rank test for trend,
P=.017).

Cox proportional-hazards analysis showed that both stair ascent and descent times predicted
functional decline after adjusting for covariates including gait velocity which was also a
significant predictor (aHR of 1.12 per one-second increase in stair ascent time, 95% CI
1.04-1.21, aHR of 1.15 per one-second increase in stair descent time, 95% CI1 1.07-1.24)
(table 4).
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Of the 472 participants, 156 showed functional decline using our alternate definition
(increment of 2-points or more on the disability score) over the follow-up period. Only the
stair descent time was a significant predictor for functional decline by this definition (aHR;
1.15, 95% Cl;1.06-1.27, P=.002) but not the stair ascent time (aHR;1.05, 95% CI;0.95-
1.17).

Stair Negotiation Time and Functional Decline among High Functioning Older Adults

Among the 204 participants with gait velocity of 100 cm/sec or higher, stair descent time
predicted functional decline (aHR of 1.24 per one-second increase, 95% CI 1.05-1.47, P=.
011) and stair ascent time was of borderline significance (aHR of 1.15, 95% CI 1.00-1.32,
P=.057). Among the 220 participants reporting no difficulty in stair ascent or descent, stair
descent time was predicted functional decline after adjusting for covariates including gait
velocity (aHR 1.17, 95% CI 1.01-1.37). Stair ascent time was not significant in this analysis
(@aHR 1.06, 95% CI1 0.93-1.21). Stair descent time also predicted new difficulty in stair
negotiation (ascent or descent) among 220 participants with no difficulty at baseline (aHR;
1.20, 95% CI; 1.02-1.42). Stair ascent time was not a significant predictor of subjective
difficulty in stair negotiation.

DISCUSSION

We report reference values for stair negotiation times for three steps in community residing
nondisabled and nondemented older adults. To our knowledge, this is the first report to
provide reference values for quantitative stair negotiation in community dwelling old adults
as well as by age and gender categories. The proportion of participants with subjective or
objective difficulty and the proportion of those using rails during stair negotiation were
higher among individuals with longer stair negotiation times supporting the face validity of
this measure. Our subgroup analysis also shows high test-retest reliability for this simple
clinical measure. Our findings show that the objective stair negotiation test is a simple,
quick (takes less than 30 seconds), valid and reliable assessment of function in older adults
that does not require specialized equipment or training.

Stair descent time was greater with older age in both genders and stair ascent time was
greater with older age in men. Stair negotiation demands relatively higher effort of the knee
extensors in the healthy old compared to young adults due to reduced maximum leg strength
(percentage of maximum knee extensor momentum; 78% versus 54% for stair ascent, 88%
versus 42% for stair descent).3! This in part may explain the association between the stair
negotiation times and age. Impairments in vision, proprioception, balance, and
cardiovascular health may also contribute to this association.! In concordance with our
previous study of self-reported difficulty in stair negotiation,10 fear of falling was associated
with longer stair negotiation times. Lower self efficacy score in stair negotiation has been
shown to be associated with slower stair climbing speed and cautious stair climbing
behaviors.32

Both stair ascent and descent times were strong predictors of functional decline even after
adjusting for multiple covariates including gait velocity supporting its incremental value in
studying functional decline. The increasing cumulative incidence in functional decline from
the lowest to the highest tertiles of stair negotiation indicates a dose-response effect of this
measure.

Since stair negotiation is more challenging compared to walking on level surface, we
hypothesized that stair negotiation may predict incident functional decline among high
functioning individuals. Our results showed that stair descent time was a strong predictor
and stair ascent time was of borderline significance for functional decline in this subgroup.
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Stair descent, but not ascent time also predicted new onset of subjective difficulty in stair
negotiation. Stair descent time remained a predictor even when a more conservative
definition for functional decline was used. These findings are in accord with our previous
study10 reporting that self-reported difficulty in stair descent was associated with difficulty
in a wider spectrum of ADLSs than stair ascent.

Kinetic and behavioral differences between stair ascent and descent in part might explain the
discrepant findings with regards to predicting functional decline.3133 Older adults utilize
nearly 90% of maximum capacity of knee extensor momentum for stair descent compared to
78% for stair ascent.3! Also, increased coactivation of knee extensors (agonist) and flexors
(antagonist) during stair descent indicate that it is more challenging than stair ascent,
therefore neuromotor impairment among older adults may be unmasked more during stair
descent than ascent.3! During stair descent a larger separation between center of mass and
center of pressure occurs3# compared to stair ascent reflecting higher demands on balance
control mechanisms. Lower self efficacy scale scores were associated with stair descent
compared to stair ascent indicating a greater contribution of psychological factors to stair
descent.32 Our previous study? showed that difficulty in stair descent but not in ascent was
associated with previous falls suggesting that stair descent may be more robust in capturing
negative outcomes compared to stair ascent.

Study Limitations

The sample is a community based sample but was not recruited as a representative
population sample. To improve the reliability of our measures and safety of participants, we
did not include individuals with disability or dementia. Therefore, our sample is likely
healthier than general population, which might reduce generalizability. It might be expected
that stair negotiation times might be longer in individuals with disability or that they might
not be able to do these tasks.

CONCLUSIONS

The stair ascent and descent times are reliable and valid measures of assessing difficulty in
negotiating stairs, a common activity at home and community settings. Stair descent time is
a strong predictor of functional decline in community dwelling older adults including
individuals with relatively high functional status. The stair negotiation time can be used as a
quick and simple measure in clinical settings that does not require specialized equipment or
training to assess functional status and predict functional decline in older adults.
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Figure 1.
Functional-decline-free survival among the participants in each tertile of stair ascent time (a)

and stair descent time (b).
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Adjusted Hazard Ratio for Decline in ADL performance in Cox Proportional Hazards Regression Analysis

Analysis with Stair Ascent Time

Analysis with Stair Descent Time

aHR (95% Cl)

P

aHR (95% Cl)

P

Stair Ascent Time

Stair Descent Time

Age

Men (reference-women)
Non-white (reference-white)
Iiness index

Depression score

Blessed test score

Fear of falling

Disability score at baseline

Gait velocity at baseline

1.12 (1.04, 1.21)
N/A
1.01 (0.99, 1.03)
1.14 (0.89, 1.44)
0.91 (0.69, 1.18)
1.02(0.91, 1.12)
1.07 (1.01, 1.15)
0.97 (0.91, 1.03)
1.24 (0.95, 1.61)
0.71 (0.64, 0.79)
0.99 (0.98, 1.00)

.004

A87
.305
463
.830
.023
0.260
0.108
<.001
.004

N/A
1.15 (1.07, 1.24)
1.01 (0.98, 1.02)
1.18 (0.93, 1.52)
0.89 (0.68, 1.16)
1.01(0.91, 1.13)
1.09 (1.07, 1.16)
0.97 (0.92, 1.03)
1.23 (0.95, 1.60)
0.70 (0.63, 0.78)
0.99 (0.98, 1.00)

<.001
.628
164
391
799
.016
.355
117

<.001
.012

Abbreviation: aHR, adjusted hazard ratio; CI, confidence interval.
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