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Abstract
The aim was to develop a brief physical performance assessment tool that can be reliably used to
detect physical impairment in older adults with and without mild dementia. Scores on the 9-item
physical performance test (PPT) from non-demented participants were used to develop and validate
the 4-item mini-PPT. The validated mini-PPT was then used to predict total PPT score and functional
physical status in participants with mild dementia. Receiver Operating Curve (ROC) analyses were
used to generate a cut off score that classifies participants as functional vs. not functional. The setting
was in the Alzheimer’s Disease Research Center (Washington University). A total of 1,199
participants met inclusion criteria: 574 non demented participants, 436 with very mild dementia,
measured by the clinical dementia rating (CDR) = 0.5 and 189 with mild dementia (CDR = 1). The
mean age of the sample was 76.4 years, mean educational attainment was 14 years, 58% were women,
and 11% were African American. A 4-item scale, the mini-PPT, was developed (based on the results
of multiple regression analyses and clinical meaningfulness) that highly correlated with total PPT
score (r = 0.917, p < 0.0001) in the non-demented sample The correlation of the mini-PPT with total
PPT was 0.90 among those with very mild, and 0.91 among those with mild dementia. Using the
ROCs, a cut off score of 12 correctly classified at least 85% of non demented and demented persons.
The 4-item mini-PPT is highly correlated with the 9-item PPT in non demented and mildly demented
persons. This brief tool may be useful in detecting early physical impairment in the clinical setting.
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1. Introduction
Declines in both physical and cognitive performance in older adults are commonly observed.
However, until recently, impaired physical performance was thought to be associated with
moderate to severe cognitive impairment (Laurin et al., 2001; Yaffe et al., 2001). Data now
supports that physical impairment may actually precede the diagnosis of dementia of the
Alzheimer’s type (DAT) (Weuve et al., 2004; Podewils et al., 2005; Wang et al., 2006). Several
studies report physical impairments, including gait apraxia, reduced strength and slower
walking speed in persons, may antedate the diagnosis of DAT (Camicioli et al., 1998; Marquis
et al., 2002; Waite et al., 2005).

As the focus of diagnosing DAT has shifted toward identifying affected persons in the earliest
symptomatic stages, clinical tools that aid in the recognition of persons at high risk for
developing DAT will be useful. The research tools often used to assess physical performance
and gait are often time consuming and complex. Additionally, many tools used in older adults
have not been validated in people with early dementia; therefore, the ability of the tools to
distinguish physical impairments from cognitive ability to perform the tasks must be examined.

The PPT has been used successfully to investigate physical function in demented persons
(Shah et al., 2004). Scores on the original PPT instrument, developed by Reuben and Siu
(1990), correlate with degree of disability, loss of independence and mortality (Reuben et al.,
1992). Although the PPT has been shown to detect early physical decline in community
dwelling elderly (Brach et al., 2002), its use in clinical settings may be limited due to its length.
The goal of this study was to develop a shortened tool (and create the mini-PPT) that could be
used to assess physical functioning in persons with and without mild dementia.

2. Experimental materials and methods
2.1. Participants

All participants were older adults involved in studies of cognitive and functional aging at the
Alzheimer’s Disease Research Center (ADRC) at Washington University between January
1998 and August 2006. The ADRC recruits cognitively healthy and demented older adult
participants from the greater metropolitan St. Louis area (population: 2.5 million). Inclusion
criteria for this study were: age over 60 years, ambulatory, able to complete all assessments,
and PPT score greater than 5. Persons with moderate or severe dementia and physical disability
were excluded.

2.2. Clinical and cognitive assessments
The clinical evaluation included obtaining past medical, social and family history from a
reliable informant, usually a spouse or adult child. Information regarding possible cognitive
change was obtained by a clinician from semi structured interviews with the informant and
separately with the participant. Included in the clinical assessment protocol were the mini
mental state examination (MMSE) (Folstein et al., 1975), the short blessed test (SBT) (Katzman
et al., 1983), an aphasia battery, a medication inventory, and a depressive features battery.

Using all information from the clinical assessment protocol but without reference to the
participant’s psychometric performance (see below), the clinician determined the CDR for the
participant. The CDR determines the presence or absence of dementia and, when present, rates
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its severity (Morris, 1993). The CDR rates cognitive performance in each of six categories:
memory, orientation, judgment and problem solving, community affairs, home management
and hobbies and personal care. A global CDR = 0 indicates no dementia; a global CDR = 0.5
indicates very mild dementia, and global CDRs of 1, 2 and 3 indicate mild, moderate and severe
dementia, respectively. The CDR sum of the boxes score is the summation of the individual
scores in each of the six CDR categories (i.e., boxes) and provides a more quantitative measure
of cognitive impairment (Berg et al., 1992). Possible sum of boxes scores range from 0 (i.e.,
the individual scores are 0 in all six CDR categories) to 18 (i.e., the individual scores are 3 in
all six CDR categories). A higher global CDR or larger sum of boxes score indicates greater
dementia severity. Validity and inter-rater reliability for the CDR have been established (Burke
et al., 1988; Morris et al., 1998). Individuals with dementia at the CDR = 0.5 or CDR = 1 stage
were included in this study. Two to four weeks after the clinical assessment, participants
completed a psychometric battery (Storandt and Hill, 1989); pyschometricians were not
informed of the results of the clinical evaluation.

2.3. Physical assessment
Following the general physical and neurological examination, the PPT was administered by a
trained research nurse. We modified the original PPT instrument (Reuben and Siu, 1990) by
adding the chair rise and progressive Romberg-test of standing balance to simulate stair
climbing tasks. Performance on these two tasks, which have been included in other physical
performance batteries, (Guralnik et al., 1994; Wang et al., 2002) has been associated with self
reported disability, nursing home placement and mortality (Guralnik et al., 1994). Specific
tasks in our modified PPT are: (1) writing a sentence, (2) simulated eating (i.e., spooning beans
into a container), (3) lifting a book, (4) simulated dressing (i.e., putting on and taking off a
jacket), (5) picking up a penny from the floor, (6) turning in a complete circle (i.e., steadiness
and continuity of steps), (7) walking 50 ft., (8) the chair rise (i.e., sitting in and rising from a
chair five times), and (9) the progressive Rombergtest of standing balance (i.e., standing with
feet in tandem, semi tandem and side by side positions). The PPT items will be referred to by
the item numbers above in the text. The tasks in our PPT were scored on a 5-point scale: 0, 1,
2, 3 and 4. The total PPT score, a simple summation of the individual item scores, is a composite
measure of physical function. The maximum (i.e., best) total score was 36, with a decreasing
score indicating increasing disability.

2.4. Development and validation of the mini-PPT
Samples of non demented (CDR = 0) participants were used to develop and initially validate
the mini-PPT. Non demented participants (n = 576) were randomly assigned to two groups:
the development sample and the validation sample. For participants who took part in the PPT
more than once over the study period, their earliest PPT score was used.

Within the development sample, Pearson product moment correlation coefficients were used
to examine the correlation of scores on each PPT item with the total PPT score, as well as to
examine the intercorrelations among the individual items. The RSQUARE procedure (PROC
REG, SAS version 9.1.3 for Linux; SAS Institute, Cary, NC) was used to find the 20 models
of PPT items, ten 3-item models and ten 4-item models that best predicted the total PPT score
using multiple linear regression. After specifying the model size, the RSQUARE procedure
computes all possible regressions (i.e., all possible combinations of items) containing that
number of items, and the R2 value for each regression, to allow comparison of the models’
predictive ability. From the 20 models, four potential candidates for the mini-PPT were selected
and were subjected to further testing within the validation sample. For each of the four models,
a total score was calculated by taking the sum of the scores on the individual items. The
correlation of each of the candidate mini-PPT scores with total PPT score were then found,
and differences between the correlation coefficients were tested (Cohen and Cohen, 1983).
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ROC analyses were conducted to test the ability of each of four candidate scales to discriminate
between individuals who would and would not meet PPT criteria for “functional” (total PPT
> 28), and differences between the ROC curves were tested using the method of DeLong et al.
(1988). The correlation and ROC analyses were then repeated in the validation sample for each
of the four candidate scales.

Based on the development and cross validation analyses with non demented participants, one
of the four candidate scales was chosen for use as the mini-PPT, and the ability of mini-PPT
score to predict total PPT score and functional physical status was then examined in two
samples comprised of participants who were mildly demented. The first sample comprised
participants who had global CDR scores of 0.5, indicating very mild dementia at the time the
PPT was administered, and the second sample comprised participants with global CDR scores
of 1, indicating mild dementia. The CDR = 1 group was restricted to those who had a sum of
CDR box scores of 6 or less to exclude those with more substantial cognitive impairment.

To enhance the usefulness of the mini-PPT, a cutoff score that could be used in classifying
physical performance as functional vs. not functional was developed. Based on inspection of
the ROC curve in the non demented validation sample, potential cutoff values likely to yield
high sensitivity and specificity values were found, and the sensitivity, specificity, positive
predictive value, negative predictive value and percent correctly classified were calculated for
each potential cutoff. These analyses were repeated in the very mildly and mildly demented
samples to establish whether the same cutoff value should be used among persons with very
mild or mild dementia.

3. Results
A total of 1,199 participants met inclusion criteria: 574 non-demented participants, 436 with
very mild dementia (CDR = 0.5) and 189 with mild dementia (CDR = 1). The mean age of the
sample was 76.4 years, mean educational attainment was 14 years, 58% were women, and 11%
were African American. Of the non demented participants, one half (n = 287) were randomly
assigned to the development sample, and the remainder (n = 287) to the validation sample.
Demographic characteristics for each of the study samples are presented in Table 1.

Each individual PPT item was significantly correlated (p < 0.0001) with the total PPT score.
Correlation coefficients ranged from 0.40 to 0.72, with items 5 (r = 0.72), 7 (r = 0.71), 8 (r =
0.72), and 9 (r = 0.63) correlating the highest with total PPT scores. None of the correlations
for the other individual PPT items had a correlation coefficient above 0.51.

The ten models of 3 items and the ten models of 4 items that best predicted total PPT scores
in the regression analyses had R2 values that ranged from 0.77 to 0.79 and 0.84 to 0.86,
respectively. Four of the 20 models were selected for further testing based on the extent to
which the items were clinically meaningful (useful to assess physical function) and practical
(easy to administer in an office). Additionally, each contained at least three of the four items
with the highest Pearson product moment correlations with total PPT score: item 5, picking up
a penny from the floor, item 7, timed 50 foot walk, item 8, the chair rise (i.e., sitting in and
rising from a chair five times) and item 9, the progressive Romberg test of standing balance
(i.e., standing with feet in tandem, semi tandem and side by side positions).

A score was found for each of the candidate mini-PPTs by summing the scores on the individual
items. The correlation of each of these scores with the total PPT score, and the area under the
ROC curve testing the ability of each of the candidate scores to discriminate participants
classified by the PPT as “functional” from those who were not, was then calculated. As shown
in Table 2, each of the candidate scales was highly correlated with the total PPT score, although
the 4-item candidate scale correlated more with total PPT score than each of the 3-item models
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(p < 0.0001). There were no significant differences between the correlations of the 3-item
models with total PPT scores (p > 0.46). Likewise, the area under the ROC curve (AUC) was
0.90 or greater for each of the candidate scales (Table 2). Although these AUCs indicate that
the ability of each of the scales to predict functional status was excellent, there was a statistically
significant difference in discriminative ability across the three models (p < 0.0001), such that
the AUC for the 4-item scale was significantly higher compared to each of the 3 item scales
(p < 0.05), and for the candidate scale comprised of items 7, 8 and 9, compared to that made
up of items 5, 7 and 9. The remaining two pairwise comparisons were not significant.

When the candidate scales were cross validated in the non demented validation sample, their
correlations with total PPT score and ability to classify functional status were similar to the
development sample (Table 2). Like the development sample, testing in the validation sample
showed that the 4-item candidate scale correlated significantly better with total PPT score than
each of the 3-item candidate scales (p < 0.0001). In predicting functional status, the 4-item
scale also yielded higher AUCs compared to each of the 3-item candidate scales made up of
items 7, 8 and 9 (p = 0.0072); items 5, 7 and 9 (p = 0.0044); and items 5, 8 and 9 (p = 0.0562).

Because of higher correlations with the total PPT, higher AUC values predicting functional
status, and the negligible effect on time of administration of having one additional item, the 4-
item scale was selected for use as the mini-PPT. We then tested the ability of the mini-PPT to
predict total PPT scores and functional status in the mildly demented samples. The correlation
of the mini-PPT with total PPT scores was 0.90 (p < 0.0001) and 0.91 (p < 0.0001) in those
with very mild (CDR = 0.5) and mild (CDR = 1) dementia, respectively. The AUC (95%
confidence interval = 95% CI) value was 0.93 (0.91–0.95) for the very mild dementia sample
and 0.95 (0.93–0.98) for the mild dementia sample.

The ROC curve for the non demented validation sample (Figure 1) was examined to identify
likely cutoff values on the mini-PPT that could be used to identify individuals who would score
as functional on the original PPT. Based on inspection of Figure 1, as well as the ROC curves
for the very mild dementia and mild dementia samples (not shown), cutoff scores of 11, 12 and
13 were thought to likely yield high values of both sensitivity and specificity in all samples,
and were subjected to further testing. The prevalence values used in these analyses reflect the
percentage of participants who scored 28 or above on the total PPT (i.e., functional) in each
sample (non demented validation = 0.57; very mild dementia = 0.43; mild dementia = 0.28).

As shown in Table 3, use of a cutoff value of 12 or higher to classify a participant as having
functional physical status resulted in the most favorable combinations of sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV) in each sample. Although
cutoff values of 11 produce higher values for sensitivity and NPV, this increase is accompanied
by decreased values of specificity and PPV. Likewise, cutoff values of 13 are associated with
greater specificity and PPVs, but lower sensitivity and NPVs. Use of a cutoff of 12 or greater
also results in the most cases being correctly classified (Table 3).

4. Discussion
In this study, a shortened physical performance tool, the mini-PPT, was developed and
validated as an assessment tool to evaluate physical function in older adults with and without
mild dementia. The mini-PPT is a brief physical assessment tool that can be administered in a
clinical office without the need for additional props or equipment (only a penny and a chair
are required).

The 4-item mini-PPT contains items that have been used in other studies assessing physical
function in cognitive impaired populations, but unlike many other assessments, this tool allows
clinicians and investigators to generate a score and to categorize patients or participants as
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functional or impaired. The mini-PPT was able to correctly classify 85% or more of participants
as functional compared to the lengthy and more burdensome PPT. The mini-PPT can be
completed in less than 5 minutes.

The mini-PPT is similar to the performance based physical function test (PPF) (Wang et al.,
2002) which has been used in cognitively impaired persons. Our mini-PPT includes a longer
timed walk (50 feet vs. 10 feet) and uses picking a penny up from the floor (trunk flexion) as
a measure of strength, while the PPF uses grip strength. Although grip strength has been used
as a predictor of future cognitive decline in prior reports, most studies assessing grip strength
use quartiles to classify participants and no cut off score is generated. Using a handheld
dynamometer may also be impractical in the clinical setting. The mini-PPT assesses each of
the 3 components of the short physical performance battery (SPPB) (Guralnik et al., 1994) but
uses a longer timed walk and has the additional measure of trunk flexion. The longer walk and
strength measure may allow earlier physical impairment to be detected.

While this study includes a large sample of older adults and a representative sample of African
Americans, the participants are well educated and relatively healthy, so they may not be
representative of all community-dwelling elderly. Additionally, the mini-PPT was developed
using the 9-item PPT and was not compared to other performance measures. The PPT, however,
has been compared to many other performance measures in prior studies and currently there
is no universally accepted gold standard for assessing physical performance in older adults
(Rozzini et al., 1993).

5. Conclusions
As data increasingly supports a relationship between physical function and development of
dementia, the need to use reliable and valid assessment tools in this population becomes more
important. This brief measure of physical function, the mini-PPT, was validated in non
demented and mildly demented participants and correctly classified participants as functional
or not using a simple summed score. The mini-PPT offers a simple, low cost tool to assess
function in older adults that can be easily used in most clinical settings.
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Figure 1.
ROC assessing the discriminative ability of the mini-PPT in predicting functional status
calculated using the original PPT in the non-demented validation sample. Numeric labels
indicate the mini-PPT score at that point on the ROC curve.
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Table 1

Demographic characteristics of the study samples, mean ± S.D., or n(%)

CDR = 0 Development CDR = 0 Validation CDR = 0.5 CDR = 1

Number 287 287 436 189
Women 159 (44.6) 177 (61.7) 241 (55.3) 118 (62.4)
Race
 African American 26 (9.1) 26 (9.1) 46 (10.6) 33(17.5)
 White 256 (89.5) 258 (89.0) 387 (88.8) 155 (82.0)
 Other races 4 (1.4) 3 (1.2) 3 (0.7) 1 (0.5)
Age, years 76.3 ± 8.4 75.8 ± 8.7 76.5 ± 7.3 77.4 ± 7.6
Education, years 14.7 ± 3.0 14.5 ± 3.2 13.8 ± 3.1 12.8 ± 3.3
Total PPT score 26.8 ± 5.0 27.3 ± 5.0 25.7 ± 5.3 23.6 ± 5.8
Functional (PPT > 28) 150 (52.3) 163 (56.8) 189 (43.4) 53 (28.0)
Robust (PPT > 32) 22 (7.7) 33 (11.5) 25 (5.7) 7 (3.7)
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