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Improving Interpretation of the Patient-
Reported Outcomes Measurement Information

System (PROMIS) Physical Function Scale
for Speciﬁc Tasks 1n Community—Dwelling

Older Adults

Jeff Houck, PT, PhD!; Ryan Jacobson, PT, DPT!; Michael Bass, MS?;
Chris Dasilva, BS®; Judith F. Baumhauer, MD, MPH?

ABSTRACT

Background and Purpose: New generic patient-reported
outcomes like the Patient-Reported Outcomes Measurement
Information System (PROMIS) are available to physical thera-
pists to assess physical function. However, the interpretation
of the PROMIS Physical Function (PF) T-score is abstract
because it references the United States average and not spe-
cific tasks. The purposes of this study were to (1) determine
convergent validity of the PROMIS PF scale with physical
performance tests; (2) compare predicted performance test
values to normative data; and (3) identify sets of PROMIS PF
items similar to performance tests that also scale in increasing
difficulty and align with normative data.

Methods: Community-dwelling older adults (n = 45; age =
77.1 £ 4.6 years) were recruited for this cross-sectional anal-
ysis of PROMIS PF and physical performance tests. The modi-
fied Physical Performance Test (mPPT), a multicomponent
test of mostly timed items, was completed during the same
session as the PROMIS PF scale. Regression analysis exam-
ined the relationship of mPPT total and component scores
(walking velocity, stair ascent, and 5 times sit to stand) with
the PROMIS PF scale T-scores. Normative data were com-
pared with regression-predicted mPPT timed performance
across PROMIS PF T-scores. The PROMIS PF items most
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similar to walking, stair ascent, or sit to stand were identified
and then PROMIS PF model parameter—calibrated T-scores
for these items were compared alongside normative data.
Results and Discussion: There were statistically significant
correlations (r = 0.32-0.64) between PROMIS PF T-score
and mPPT total and component scores. Regression-predicted
times for walking, stair ascent, and sit-to-stand tasks (based
on T-scores) aligned with published normative values for older
adults. Selected PF items for stair ascent and walking scaled
well to discriminate increasing difficulty; however, sit-to-stand
items discriminated only lower levels of functioning.
Conclusions: The PROMIS PF T-scores showed convergent
validity with physical performance and aligned with published
normative data. While the findings are not predictive of indi-
vidual performance, they improve clinical interpretation by
estimating a range of expected performance for walking, stair
ascent, and sit to stand. These findings support application of
T-scores in physical therapy testing, goal setting, and wellness
plans of care for community-dwelling older adults.

Key Words: patient-reported outcomes, physical function,
PROMIS

INTRODUCTION
New generic patient-reported outcome (PRO) scales such as
the Patient-Reported Outcomes Measurement Information
System (PROMIS) are demonstrating validity equivalent
to or better than other generic and disease-specific PRO
scales.!® Generic PRO assessment decreases the burden
on patients and providers by using computer-adaptive test-
ing (CAT) and minimizing the need for multiple disease-
specific scales,’” accelerating adoption of generic PRO
instruments.®

The generic PROMIS Physical Function (PF) CAT offers
many potential advantages to physical therapists for the
assessment of patient physical abilities.” The 124 PF items
in version 1.0 comprise various functional activities, each
identified through patient and expert focus groups and
then individually calibrated using item response theory.”!?
The PROMIS PF CAT asks patients to rate their level of
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difficulty for select items and then chooses appropriately
difficult items (adapted to each previous response), avoid-
ing floor and ceiling effects.’»>>%!1 Each PF item offers a
5-point Likert scale with responses such as “no difficulty,”
“little difficulty,” “some difficulty,” “much difficulty,”
and “unable to do.” The CAT algorithms determine the
patient’s PF score in relatively few responses (4-10) and
very little time (<1 minute).>*!° This limits patient burden
and yet still allows for prediction of difficulty rating on all
124 items (due to individual item calibration).>'® These
advantages mean that the PROMIS PF CAT can be used for
patients with a wide range of functional abilities.!?

Despite such advantages, the PROMIS PF CAT scale
produces a T-score for which interpretation is not intuitive.
The T-score is normed such that 50 represents the average
physical function for the general US population and 10
points is equivalent to 1 standard deviation.'> A higher
or lower T-score indicates better or worse PE respectively.
T-scores are reported along with percentile ranks relative to
the general US population, age, and gender. Community-
dwelling older adults show T-scores equivalent to the US
average,!? while lower T-scores are reported for clinical
populations and cohorts in assisted living.'* The larger
clinical issue is that the T-score does not reveal which of the
PROMIS PF items the patient finds difficult. For example, a
provider knows that a patient with a T-score of 40 is 1 stan-
dard deviation below the US average but not what tasks
the patient finds difficult. This contrasts with many disease-
specific scales where all individual items are answered and
easily referenced.

An improvement in the utility of the PROMIS PF CAT
in physical therapy practice would be the ability to link the
T-score value with tasks a patient finds difficult.” One way
to do this would be to demonstrate convergent validity of
the PROMIS PF CAT with physical performance measures.
A recent study of younger individuals (aged 18-50 years)
with hip injuries demonstrated convergence between the
PROMIS PF CAT and physical performance measures
(r > 0.70).% However, studies of community-dwelling

older adults'®1® and individuals after surgery'->3 showed

lower convergence (r values between 0.22 and 0.67) when
comparing various PRO instruments and physical per-
formance. The level of convergence of current PRO data
with physical performance (r < 0.67) at best will provide
estimates of physical performance that are not precise.
However, the errors associated with these estimates may
be sufficiently narrow to discriminate a meaningful range
of expected physical performance clinically (eg, predicting
gait speed above 1.0 m/s).

A second way to increase utility would be to deter-
mine alignment of T-scores with normative data for spe-
cific performance tests. Three specific timed performance
tasks—walking velocity, stair ascent, and 5 times sit to
stand (5X STS)—have published norms for community-
dwelling older adults.>*2® Because PROMIS PF CAT
scores are based on a large pool of participants (ie, 2010
US census),>!! the T-scores would be expected to predict
performance (eg, time ascending stairs) that compares with
norms for community-dwelling older adults.

Finally, identifying sets of increasingly difficult indi-
vidual items from the PROMIS PF CAT item bank that
are similar to each task (ie, walking, stair ascent, or sit
to stand) may also improve utility in using and inter-
preting T-scores. Previous work has sorted PROMIS PF
items into International Classification of Functioning,
Disability and Health (ICF) Activities and Participation
codes (eg, d450: walking), defining sets of PF items that
are similar to specific tasks.?’28 Ideally, sets of PF items
that are matched by ICF coding to a given physical task
(eg, walking) exist that also scale in increasing difficulty,
such that an average community-dwelling older adult
(T-score = 50) would likely self-report “no difficulty”
for the easiest item, “little difficulty” for the next item,
and “some difficulty” for the hardest item (Table 1).
For example, item PFC38 (“Are you able to walk at a
normal speed?”) is calibrated such that a “no difficulty”
response aligns with a PROMIS T-score of 50 (US aver-
age). In contrast, the more difficult item PFB5r1 (“Does

Tahle 1. Patient-Reported Outcomes Measurement Information System (PROMIS) Item Sets and Expected Likert Responses

Physical PROMIS Hypothesized Likert Response
Task Item ID PROMIS Item Wording Relative to Norms (Age 60+ y)
Walking PFC38 | Are you able to walk at a normal speed? No difficulty

PFM23 | Are you able to walk briskly for 20 min without stopping to rest? Little difficulty

PFB5r1 | Does your health now limit you in hiking a couple of miles (3 km) on uneven Some difficulty

surfaces, including hills?

Stair ascent | PFA21 | Are you able to go up- and downstairs at a normal pace? No difficulty

PFC32 | Are you able to climb up 5 flights of stairs? Little difficulty

PFM21 | Are you able to climb the stairs of a 10-story building without stopping? Some difficulty
Sitto Stand | PFA15 | Are you able to stand up from an armless straight chair? No difficulty

PFC41 | Are you able to sit down in and stand up from a low, soft couch? Little difficulty

PFA41 | Are you able to squat and get up? Some difficulty
Abbreviations: ID, identification; PROMIS, Patient-Reported Outcomes Measurement Information System.




your health now limit you in hiking a couple of miles
(3 km) on uneven surfaces, including hills?”) is calibrated
such that a “some difficulty” response aligns with a T-score
of 50. Physical therapists might reference these PF item sets
to judge meaningful changes in perceived performance.

This report seeks to improve the clinical interpretation of
the PROMIS PF CAT in 3 ways: (1) by assessing convergent
validity of self-reported abilities on the PROMIS PF CAT
with physical performance tests in older adults; (2) by eval-
uating whether physical performance values predicted from
PROMIS PF CAT T-scores compare with normative values
for community-dwelling older adults; and (3) by determin-
ing whether sets of PROMIS PF items similar to each of the
3 timed performance tasks scale in difficulty across Likert
responses. The first hypothesis was that the PROMIS PF
CAT T-score and the modified Physical Performance Test
(mPPT) would demonstrate convergent validity similar
to previous studies (r = 0.22-0.67).17:18:2122 The second
hypothesis was that mPPT scores predicted by PROMIS
PF CAT T-scores would compare well with published nor-
mative data for selected mPPT items (ie, walking velocity,
stair ascent, and 5X STS).2#2¢ The third hypothesis was
that for each timed performance task, a set of items from
the PROMIS PF CAT item bank could be selected that
scales in increasing difficulty for expected Likert responses
(Table 1). These item sets would likely scale only to dis-
criminate “no difficulty,” “little difficulty,” and “some
difficulty” levels for each task since the sample included
community-dwelling older adults and not individuals with
greater functional limitations.

METHODS

Study Design

This is a cross-sectional descriptive study. The study was
approved by the Institutional Review Board at George Fox
University, with informed consent obtained and all rights of
human participants protected.

Participants

A final sample of 45 community-dwelling older adults
in rural Oregon participated. These were recruited from
senior centers, local clubs (ie, Rotary, church groups), and
assisted living communities. Inclusion criteria were adults
60 to 95 years of age, living independently or in assisted liv-
ing environments, Mini Mental Status Exam (MMSE) score
of 25 of more, stable chronic illness (eg, diabetes, osteoar-
thritis, peripheral vascular, or heart disease), and able to
tolerate functional testing. Exclusion criteria were nonam-
bulatory, diagnosis of neurological deficits, or acute medical
problem rendering functional testing unsafe. These criteria
were developed to safely allow participants with varying
abilities to participate. This resulted in 5 participants being
excluded for the following reasons: did not complete all
testing (n = 1), nonambulatory (n = 1), and comorbidities
(n = 3; peripheral neuropathy, heart disease with activity
restrictions, and radicular lower extremity pain).

Participant Assessment
The participants attended 1 data collection session last-
ing 45 to 60 minutes. During the session, the PROMIS
PF CAT and the mPPT test battery were completed, with
testers blinded to the PROMIS results. The PROMIS PF
CAT version 1.0 was administered to each participant on
the Assessment Center Web site (assessmentcenter.net).
T-scores unadjusted for age and gender were used in this
analysis similar to other studies of community-dwelling
older adults.!3

The mPPT was also administered as a reliable, valid
physical performance measure that assesses usual daily
activities typical of older adults.?*3% It contains a battery of
7 functional tests that include 50-m walk, stair ascent, 5X
STS, picking up a penny, donning/doffing a coat, placing
a book on a shelf, and turning in place. All but turning in
place are timed with a stopwatch. Timed tests are convert-
ed to ordinal scores based on preestablished cutoff values.
A score of 36 (range: 0-36) indicates the highest physical
functioning on the mPPT.?%30

PROMIS PF Item Set Selection

All 124 items from the PROMIS PF CAT 1.0-item bank
were considered when identifying items most similar to
walking, stair ascent, or sit to stand. Using the World
Health Organization ICF Activities and Participation
domain coding for Walking (d450), Climbing (d4551),
and Changing Basic Body Position (d410),3!' 37 PROMIS
PF items were initially identified (by authors J.H. and R.].)
as fitting 1 of these 3 ICF activity codes. Coding ascribed
to these 37 matched exactly with previous work by Tucker
et al,’® who used an item-level content analysis mapping
method to ascribe World Health Organization—-ICF codes
to all 124 items in the PROMIS PF CAT 1.0-item bank.
Three PF items were then selected for each performance
task (ie, walking, stair ascent, or sit to stand) that were
most similar to each task and that best discriminated
increasing difficulty such that an average older adult would
likely self-report “no difficulty” for the easiest item, “little
difficulty” for the next item, and “some difficulty” for the
hardest item. This was achieved through visual side-by-
side comparison of T-score difficulty ranges, based on item
model parameter calibration, for items in each of the 3 ICF
activity codes.

Statistical Analysis
Descriptive statistics were calculated for the sample. SPSS
(v25, IBM Corporation) software was used to calculate all
correlations and regression equations. Each hypothesis was
analyzed as follows.

Hypothesis 1

Convergent validity was tested using Pearson correlations
between mPPT measures (total score and each timed com-
ponent item) and PROMIS PF CAT T-scores. Expecting
correlations of » = 0.4 to 0.5,17:1821.22 3 sample size of
44 was necessary to achieve sufficient power (8 = .2 and
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a = .05) for an 7 value of 0.41 or higher. For the 6 timed
items that make up the mPPT test, a Bonferroni correction
was applied to the « level to decrease the chance of spuri-
ous findings (P = .05/6 = .0083). For mPPT variables,
walking velocity, stair ascent, and 5X STS (significantly
correlated with the PROMIS PF CAT T-scores) equations
of the line were calculated and used to estimate mPPT val-
ues from the T-scores. The standard error of the estimate
was used to evaluate fit and reflect the range of possible
mPPT test item scores (eg, range of times in seconds).
Note that all significant correlations met assumptions
of normality (assessed by normal probability plots) and
homoscedasticity (see residual plots in Appendix 1). Two
outliers were identified using Mahalanobis and Cooks dis-
tance. However, on review and visual inspection of scatter
plots (Appendix 1), their identification as outliers occurred
because they performed better than the group, so their
values were retained. Spearman correlations were applied
to demographic (age and gender) and health covariates
(number of comorbidities, medications, and falls; body
mass index; Mini-Mental State Score) with the PROMIS
PF CAT T-score. The intent of the Spearman correlations
was to demonstrate the potential influence of these covari-
ates to modify hypothesis 1.

Hypothesis 2

Published norms for walking velocity,?® stair ascent,?’
and 5X STS?** in adults 60 years of age and older were
compared with regression-predicted mPPT timed compo-
nent performance. Although a significant correlation was
also found for picking up a penny with PROMIS PF CAT
T-score, no published normative data are available for the
task and no adequately similar PROMIS items were identi-
fied from the item bank.

Hypothesis 3

The PROMIS PF item response theory model parameters
for the selected PF items were analyzed for their ability to
discriminate increasing difficulty level (Likert responses)
alongside regression-predicted mPPT timed component
performance and normative data. Item response theory
model parameters were obtained from PROMIS develop-
ers collaborating on this project (author M.B.). The model
parameters calibrate each PF item, identifying the T-score
demarcation points between difficulty responses (ie, “no
difficulty,” “little difficulty,” “some difficulty,” “much dif-
ficulty,” and “unable to do”). Using these T-score demarca-
tion points, the final 9 items (3 for each performance task)
were aligned to predicted mPPT values and normative
data and then displayed in a table and used to generate a
visual “Snapshot” for improved clinical interpretation of
PROMIS PF CAT T-scores.

RESULTS

The participants were on average 77.1 (4-6) years of age
and had a mean body mass index of 26.2 (5-0) (Table 2).
The participants’ mean MMSE score was 28.3 (1-5), the

Tahle 2. Descriptive Statistics of the Sample

Average (SD)/Median?
n or Frequency (%) Range
Age,y 45 77.1 (4.6) 65-84
Females 27 60%
Height, cm 45 167.1 (10.9) 151.1-188.0
Weight, kg 45 74.0(17.6) 37.7-125.0
BMI, kg/m? 45 26.2 (5.0) 14.7-39.5
Comorbidities 45 32 0-6
Medications 45 3 0-18
Falls within past year | 45
0 35 77.8%
1 7 15.6%
2 3 6.6%
Mini-Mental score 45 28.4(1.5) 25-30
mPPT Total score 45 29.1 (3.7) 20-35
5x STS, s 45 145(3.5) 9-27
Stair ascent, s 45 7.4 (2.0) 5-14
Book, s 45 3.0(1.4) 1-11
Coat, s 45 13.5(7.9) 7-60
Penny, s 45 3.7(19) 2-13
50-m walk, s 45 124 (3.1) 8-22
50-m walk, m/s 45 1.29 (0.29) 0.7-2.0
PROMIS PF Scale 45 49.4 (5.0) 41-62
Abbreviations: BMI, body mass index; mPPT, modified Physical Performance Test; 5x STS,
5 times sit to stand; PROMIS PF, Patient-Reported Outcomes Measurement Information
System Physical Function.
2Median value.

median number of comorbidities was 3 (range: 0-6), and
the median number of medications was 3 (range: 0-18).
Ten participants (21.7%) experienced 1 or more falls to the
ground in the last year. The average mPPT score was 29.1
(3-7). The average PROMIS PF CAT T-score was 49.4 (5-0)
(near the average 50 for the US population). Body mass
index, MMSE score, and number of falls in the last year
were significantly correlated to PROMIS PF CAT T-scores
(Table 3).

The PROMIS PF CAT T-score showed significant uni-
variate correlations at or above 7 value of 0.47, with the
mPPT total score and 4 of the 6 timed items that make
up the mPPT test battery (Table 3). The highest correla-
tion was between walking velocity and PROMIS PF CAT
(r = 0.64, P < .001). Placing a book overhead (r = —0.32,
P = .04) and timed donning/doffing a coat (r = —0.28,
P = .07) were not significant after applying the Bonferroni
correction.

Using the regression equations, it was possible to link
PROMIS PF CAT T-scores to predicted mPPT values and
published norms for walking velocity, stair ascent, and 5X
STS (Table 4). Regarding individual mPPT items, a T-score
of 50 corresponded to a walking velocity of 1.31 m/s, a



Tahle 3. Univariate Correlations of Patient-Reported Outcomes Measurement Information System Physical Function T-Scores With

Participant Descriptors and Physical Performance Tests

Standard Error of the
Variable r Estimate (% Average) B Equation of the Line
Demographic
Age -0.10 .49
BMI -0.37 .01
Mental state
Mini-Mental State Examination 0.37 .01
Covariates
Number of medications —0.15° .33
Number of comorbidities -0.272 .07
Number of falls —0.362 .02
Modified Physical Performance Test
Overall score 0.59 3.00 (10.1%) <.01 7.87 + T-score (0.43)
Individual item scores®
5% STS, s -0.47 3.11(21.4%) <.001 30.59 + T-score (—0.33)
Stair ascent, s -0.54 1.71(23.1%) <.001 17.82 + T-score (—0.21)
Book, s -0.32 04 ns
Coat, s —-0.28 .07 ns
Penny, s —0.47 1.76 (47.6%) <.001 12.6 + T-score (—0.18)
Walking velocity, m/s 0.64 0.22 (17.0%) <.001 T-score (0.04) -0.54
Abbreviations: BMI, body mass index; 5x STS, 5 times sit to stand; ns, not significant.
2Ordinal data r values calculated using a Spearman p statistic; all other rvalues calculated using Pearson correlation.
®Values in boldface for individual item scores indicate Pvalues < .0083.

timed stair ascent of 7.30 s, and a 5X STS of 14.29 s,
all falling within published norms (bolded in Table 4). A
PROMIS PF CAT T-score of 44 to 52 spanned the normal
range for walking speed, 49 to 61 for stair ascent, and 49
to 58 for 5X STS. The lowest T-score was 41, which cor-
responded to a walking velocity of 0.98 m/s, a timed stair
ascent of 9.19 s, and a 5X STS of 17.23 s. These values
were all slower than published norms for older adults. The
highest T-score of 62 corresponded to a walking velocity of
1.76 m/s, a timed stair ascent of 4.77 s, and a 5X STS of
10.38 s, all faster than published norms.

Referencing a T-score of 50 as representative of nor-
mative for community-dwelling older adults, the selected
PROMIS PF items most similar to stair ascent and walking
were largely able to discriminate increasing levels of dif-
ficulty. However, the PF items most similar to sit to stand
only discriminated levels of function for T-scores below
50. As is shown in Table 4, a T-score of 50 aligned best
with hypothesized self-report responses for stair ascent—
“no difficulty” for PFA21, “little difficulty” for PFC32,
and “some difficulty” for PEM21. A T-score of 50 aligned
with “no difficulty” for walking item PFC38 and also for
PFM23 and with “little difficulty” for PFBSr1. For sit to
stand, a T-score of 50 aligned with “no difficulty” for item

PFA135, as hypothesized. However, 50 also aligned with “no
difficulty” for PFA41 and PFC41 (originally hypothesized
to align with responses of “little difficulty” and “some dif-
ficulty,” respectively). The 9 PF items are also displayed in a
stacked column chart (ie, “Snapshot™) for clinical interpre-
tation across all PROMIS PF CAT T-scores (Appendix 2).

DISCUSSION

These data advance interpretation of PROMIS PF CAT
T-scores for clinical decision making for individuals with
T-scores between 41 and 62. The participants’ perceived
ability on the PROMIS PF CAT significantly correlated
with the mPPT and 4 of the 6 timed mPPT component
items tested, demonstrating convergent validity (hypoth-
esis 1) (Table 3). As expected, the standard error of the
estimates ranged from 17.0% to 23.1%, suggesting that
the PROMIS PF CAT T-scores are useful for identifying
a majority of individuals (68.1%) within a range of their
predicted score (Table 4). Also as expected, the PROMIS
PF CAT T-score of 50 compared positively with pub-
lished normative data for performance tests (hypothesis 2)
(Table 4, values in boldface). The items selected from the PF
item bank (Table 1) showed some utility clinically for stair
ascent and walking to help providers understand changes in



Table 4. Physical Performance Tests, Published Norms, and PROMIS Physical Function ltem Sets Linked to PROMIS T-Score
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Abbreviations: mPPT, modified Physical Performance Test; PROMIS, Patient-Reported Outcomes Information System.
aWalking velocity norms (95% confidence interval: 1.07-1.41 m/s) for adults aged 60 to 79 years.26
bStair ascent norms (range of means: 4.92-7.56 s) for adults aged 65 years and older.2>
¢5x STS norms (95% confidence interval: 11.4-14.8 s) for adults aged 60 to 89 years.2*

self-reported function; however, the available items for sit
to stand were less useful (hypothesis 3).

The level of convergent validity between a patient-
reported outcomes measure (ie, PROMIS PF CAT) and
physical performance testing (ie, mPPT) is consistent
with past studies of community-dwelling older adults
(r value range = 0.56-0.65)'¢18 and individuals after
surgery (r value range = 0.40-0.67).'%23 The same range
of convergence was shown in studies using the same or
similar measures for community-dwelling older adults
(self-reported “need for help” on 4 activities of daily liv-
ing, stair ascent, and distance walking vs Short Physical
Performance Battery; » = 0.65),!7 patients post-hip frac-
ture (lower extremity measure vs mPPT total score;

7= 0.55 vs timed stair ascent; = 0.47),20 and patients with
obstructive pulmonary disease (PROMIS PF CAT 1.0 vs
6-minute walk test; 7 = 0.57).18 Slightly higher convergence
(r = 0.65-0.67) was noted by Latham et al?3 in patients
post=hip fracture comparing the Activity Measure for Post-
Acute Care Physical Mobility scale with the Short Physical
Performance Battery, 6-minute walk test, and self-selected
walking velocity. In short, despite using new state-of-the-art
procedures to develop the PROMIS PF CAT scale (ie, item
response theory and computer-adaptive algorithms), the
convergence of self-report and measured performance is
consistent with current and previous studies.

The standard errors for estimating timed performance
on the 3 mPPT tasks based on T-scores (Table 3) suggest



the PROMIS PF CAT scale is useful for narrowing the
expected range of actual performance, which can then be
confirmed with focused physical performance testing as
necessary. The standard errors of the estimate ranged from
17.0% to 23.1%. This suggests that predictions based on
PROMIS PF CAT lie within the range of actual mPPT
scores from this sample (Table 2) approximately 68% of
the time. These ranges are reflective of the correlations
between the PROMIS PF CAT and performance tests for
this study and past studies.’®'8 Although the correlations
are not strong enough to accurately determine individual
performance, they provide a starting point for physical test-
ing or creating goals. Future studies could consider larger
and/or more homogeneous samples to examine whether
potentially higher correlations improve accuracy and/or
narrow the error range.?

The normative values from published articles compared
well with the PROMIS PF CAT T-score of 50. As shown
in Table 4, a T-score of 50 (average for the general US
population) predicts a walking velocity of 1.31 m/s, with a
range of 1.09 to 1.53 m/s. This predicted result is centered
over the 95% confidence interval lower and upper limits
(1.07-1.41 m/s) described in a descriptive meta-analysis
by Bohannon et al*® as normal for men and women aged
60 to 79 years. A T-score of 50 predicts a stair ascent time
of 7.30 s with a range of 5.59 to 9.01 s, overlapping the
range of norms (4.92 to 7.56 s) from the systematic review
by Nightingale et al>* for adults aged 65 years and older.
A T-score of 50 predicts a 5X STS time of 14.29 s, with
a range of 11.18 to 17.40 s, overlapping with the 95%
confidence interval reported for adults aged 60 to 89 years
(11.4-14.8 s) in a meta-analysis by Bohannon.?* Most
recently, Bohannon and colleagues**3? described lower 5%
STS times of 10.1 (2-6) for healthy mobile adults aged 74
to 97 years, pointing out the variability of 5X STS times
reported in the literature. Nevertheless, our data for 45
community-dwelling older adults overlap with these pub-
lished normative data sets, supporting use of the PROMIS
PF CAT T-scores to determine a patient’s expected range of
performance based on his or her self-report.

The 9 PROMIS PF items that best scaled in increasing
difficulty across T-scores, predicted timed performance,
and normative data are identified (Table 4) and then
visually displayed (Appendix 2). Items most similar to
stair ascent scaled best into 3 distinct difficulty responses
(from “no difficulty” to “some difficulty”) at a T-score of
50 (Table 4). This suggests that an individual’s responses
on these 3 stair ascent items would likely discriminate
level of functioning in a clinically meaningful way. The
PF items most similar to walking discriminated between
“no difficulty” and “little difficulty” at a T-score of 50.
However, the most difficult item available in the item
bank (PFBS5r1 - “Does your health now limit you in hik-
ing a couple of miles (3 km) on uneven surfaces, includ-
ing hills?”) did align with “some difficulty” at a T-score
of 47, only slightly below the US average 50. This likely
means that PROMIS PF walking items are less meaning-

ful in discriminating higher-functioning individuals, even
when the PF walking item seems difficult at face value (eg,
PFB5r1). The PF items most similar to sit to stand were
the least effective at discriminating level of functioning.
Even the most difficult sit-to-stand related item available
in the PF item bank (PFC41—Are you able to sit down in
and stand up from a low, soft couch?”) aligned only with
a T-score of 49 to demarcate a change from “little dif-
ficulty” up to “no difficulty.” From a biomechanical per-
spective, the sit-to-stand task is more difficult than either
walking or stair ascent,333* but perhaps for a frequently
practiced daily task such as sit to stand, self-perception
of ability is a more relevant factor. Future studies may
consider new PF items associated with less-practiced tasks
with higher demands for endurance or balance, and/or
evaluate why self-report of sit to stand does not discrimi-
nate higher functional abilities.

These results improve interpretation of the PROMIS PF
CAT scale. Table 4 and the “Snapshot” (Appendix 2) are
graphical representations of the correspondence between
PROMIS PF CAT T-score, predicted mPPT physical per-
formance, normative data for older adults, and expected
PF item Likert responses for difficulty. Using Table 4 or the
“Snapshot,” a physical therapist might choose to start an
initial evaluation and set goals based on a quickly obtained
PROMIS PF CAT T-score. For example, a T-score of 41 sug-
gests that the expected responses are “much difficulty” for
PFBSr1 (hiking 2 miles) and PEM21 (10-story stair ascent),
and “some difficulty” for PFM23 (brisk 20-minute walk)
and PFC32 (5-flight stair ascent) (Appendix 2). Using pre-
dicted scores (Table 4) and standard errors (Table 3), this
individual’s present physical performance abilities would
be approximated at a walking velocity between 0.76 and
1.20 m/s, stair ascent time between 7.48 and 10.90 s
(1 flight), and 5X STS between 14.12 and 20.34 s.
Therefore, evaluation and initial goal setting might focus
on speed and endurance in walking and stair ascent. In
contrast, an individual with a T-score of more than 53
is likely to have “no difficulty” with 8 of the 9 selected
PROMIS PF items. Present physical performance would be
approximated by a walking velocity of 1.20 to 1.64 m/s,
stair ascent time of 4.96 to 8.38 s, and 5X STS of 10.20
to 16.42 s. For this individual, more difficult functional
tasks should be considered immediately and higher-level
goals identified.

Although these data are useful for community-dwelling
older adults, the sample size and range of abilities of the
participants may not generalize to clinical populations.
Individuals with PROMIS PF CAT T-scores higher or
lower than the participants in this study (>62 or <41) may
show different associations. For example, the 5X STS task
may show better ability to differentiate PROMIS PF CAT
T-scores below 41. Therefore, these data may apply most
directly to community-dwelling older adults participating
in exercise or prevention programs. Because the PROMIS
PF CAT scale achieves a T-score in relatively few questions
(as few as 4) and can be applied across diagnoses, this scale



may be ideal for large-scale research related to prevention
and wellness in older adult populations.

Variables such as body mass index, MMSE, and
number of falls showed significant correlations with the
PROMIS PF CAT scale (Table 3) and are likely useful to
take into account in future multivariate analyses, enhanc-
ing predictive capabilities. Although the sample size was
powered for 7 values of 0.41, a larger sample could verify
the strength of the associations identified in this study.'”-*3
The use of age-adjusted scores or percentiles was not
applied in this analysis. Because this study’s sample aver-
age T-score (49.4) matches the US population average and
normative data are also from community-dwelling older
adults, the unadjusted US average is referenced through-
out. However, other studies may consider using adjusted
percentile scores and including clinical populations with
greater dependence.''* Future studies might also consider
benchmarking PROMIS PF CAT T-score thresholds for
key clinical decisions (eg, discharge disposition from inpa-
tient settings, need for in-home services), further increasing
the utility of T-scores.

CONCLUSIONS

The PROMIS PF CAT T-scores showed expected conver-
gent validity with physical performance measures. The cor-
relations enable estimates to be generated between ranges
of physical performance and the PROMIS PF CAT T-score.
While the findings are not predictive of individual perfor-
mance, they improve clinical interpretation by estimating a
range of performance based on PROMIS PF CAT T-scores
for walking, stair ascent, and sit to stand. Meaningfulness
of PROMIS PF CAT T-scores was strengthened by cor-
respondence of predicted mPPT test scores for walking
velocity, stair ascent, and 5X STS with normative data
for older adults. Individual PROMIS PF item responses
showed some ability to discriminate levels of difficulty for
specific tasks. It is anticipated that these data will be useful
for optimizing clinical decision making in evaluation and
initial goal setting for community-dwelling older adults.
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APPENDIX 1

Residual Plots Demonstrating Homoscedasticity (Homogeneity of Variance) in Regression Plots for Walking Velocity, Stair

Ascent, 5 Times Sit to Stand, and Modified Physical Performance Test Total Score
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APPENDIX 2
“Snapshot” Benchmarking-Selected PROMIS Physical Function Items Against Overall T-Score

Physical Function Snapshot 9
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