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Abstract

Background—Early identification of physical impairment related to AD is increasingly
identified as an important aspect of diagnosis and care. Clinically accessible tools for evaluating
physical capacity and impairment in AD have been developed but require further characterization
for their effective use.

Purpose—To assess the utility of the Physical Performance Test (PPT) for identifying
functionally-limiting aerobic capacity in older adults with Alzheimer’s disease (AD) and without
dementia.

Methods—Secondary analysis of a dataset of community dwelling older adults, 70 without
dementia and 60 with early-stage AD. Participants were administered the PPT and performed a
graded maximal exercise test. The clinical utility of two versions of the PPT was described by
determining sensitivity and specificity to functionally-limiting aerobic capacity.

Results—The 9-item PPT is predictive of diminished aerobic capacity in older adults with AD.
A score of 28 or less indicates likelihood of functionally-limiting aerobic capacity that would limit
independent function with 67% sensitivity and 67% specificity. The 4-item mini-PPT
demonstrates improved capability for identifying impaired functional aerobic capacity with 85%
sensitivity and 62% specificity. The PPT was not useful for identifying impaired functional
aerobic capacity in older adults without dementia.

Conclusions—The PPT, which incorporate basic and instrumental activities of daily living as
test items, and the mini-PPT which focuses on basic activities of daily living and simple physical
functions, are both clinically useful tool for the evaluation for individuals in the earliest stages of
AD and both provide important information about functional performance. The mini-PPT
additionally inform the clinician as to whether or not individual with early-stage AD is likely to
have insufficient aerobic capacity to perform instrumental daily functions.
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INTRODUCTION

Assessment of function in the rapidly aging population is an essential aspect to the
administration of quality health care. Among the most prevalent diseases of age is
Alzheimer’s disease (AD), now affecting nearly 1 in 8 adults over 65.1 Though, AD is
typically associated with declines in episodic memory and cognition, decline in physical
function is common.2 Early identification of physical impairment related to AD is
increasingly identified as an important aspect of diagnosis and care.3 Clinically accessible
tools for evaluating physical capacity and impairment in AD are necessary to identify those
who may benefit from rehabilitative care.

The Physical Performance Test (PPT) is one tool with potential clinical utility for
identifying physical and functional change in adults with AD.3: 4 The original PPT, tested
primarily in community dwelling older adults, demonstrated high inter-rater reliability
(Chronbach’s alpha=0.87) and concurrent validity with measures of activities of daily living
(r=0.65 to 0.80). It also correlated with other performance-based measures of function and
subjective report of physical role function, showing resistance to floor and ceiling effects.5: 6
Various versions of the PPT have been found to be predictive of need for assistance,’ future
nursing home placement,8 fall risk,® 10 and mortality.® Recently, intra-rater, inter-rater and
test-retest reliability were all established for older adults with dementia.11

Physical decline can have a negative impact on aerobic capacity and thus daily functional
performance. Peak oxygen consumption (VOypeak) is a measure of aerobic capacity
obtained during a graded exercise test. VO, peak provides information regarding one’s
ability to perform “external work”,12 and allows clinicians to evaluate functional health and
capacity.13 For example, aerobic capacity is directly and independently associated with
functional capacity for daily activities, along with muscular performance and flexibility.14
Individuals must maintain aerobic capacity sufficient to perform activities with varying
intensities and durations. It has been previously suggested that basic activities of daily living
(ADL) require 13 ml*kg~1*min~1. 15 Aerobic capacity of less than 20 mI*kg~1*min~1 is
associated with increased functional limitation in older adults. For every milliliter decrease
in peak oxygen capacity below this threshold, an individual is 8-times more likely to report
functional limitations.1® Levels above this threshold represent additional capacity that can be
drawn upon for activities requiring greater oxygen consumption or emergent situations.17. 18
We have previously demonstrated that individuals in the earliest stages of AD (very mild or
mild dementia) have decreased aerobic capacity compared to peers without dementia.1® In
these early stages of AD, individuals also have decreased independence in ADLs.20 Further,
there are subtle, but systemic changes such as lower body mass, accelerating sarcopenia, fat
mass reduction, altered brain glucose metabolism and mitochondrial dysfunction.?1-28 These
changes could affect aspects of physical function, including aerobic capacity, muscular
performance and motor ability.

The PPT has already been identified as a useful, clinical screening tool for functional
impairment associated with AD.# Thus, the purpose of this study was to determine if this
instrument could accurately identify those with functionally-limiting aerobic capacity in
elderly individuals with AD and those without dementia. The PPT offers the advantage of
objective assessment of performance on everyday tasks and is easy to administer in the
clinic. A shorter, 4-item version of the PPT (mini-PPT) has also recently been shown to be
useful for screening for early physical function change in those with AD.3 We hypothesized
in those with and without dementia, the PPT and mini-PPT would predict peak oxygen
consumption < 20 ml*kg~1*min~1, which is associated functionally-limiting aerobic
capacity. To accomplish this, we examined the relationship of PPT and mini-PPT scores and
an objective measure of aerobic capacity and function (VO, peak).
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METHODS

We performed a secondary analysis of participants from the larger Brain Aging Project
cohort of community dwelling, age 60 and over at the University of Kansas Medical Center
Alzheimer and Memory Program. Institutionally-approved, informed consent was obtained
from all participants and their legal representatives as appropriate and the procedures
followed were in accordance with the Helsinki Declaration. Inclusion and exclusion criteria
and cross-sectional data from this cohort has been reported previously.1® Briefly, individuals
were excluded from enrollment in the Brain Aging Project if they were diagnosed with
neurological disorders other than AD that had the potential to impair cognition, had insulin-
dependent diabetes, a recent history (< 2 years) of coronary artery disease, significant
orthopedic issues or pulmonary disease that would limit their ability to perform exercise
testing (including use of an assistive device for ambulation), or clinically significant
depressive symptoms. For the present analysis we assessed a sample of individuals from the
Brain Aging Project, 65 to 84 years of age who completed all assessments relevant to the
present analysis.

Clinical Assessment

All participant underwent a clinical assessment included a semi-structured interview that
included a collateral source knowledgeable about the participant. A comprehensive medical
and personal history was collected from the informant. Dementia status of the participant
was based on this clinical evaluation.2® National Institutes of Neurological and
Communicative Disorders and Stroke — Alzheimer’s Disease and Related Disorders
Association criteria diagnostic criteria for AD require the gradual onset and progression of
impairment in memory and in at least one other cognitive and functional domain using.30
Based on this evaluation participants were identified by the Clinical Dementia Rating scale
(CDR) as either having no dementia (CDR 0) or being in the earliest stages of dementia, i.e.
having very mild (CDR 0.5) or mild dementia (CDR 1.0) related to AD.3! The Mini-Mental
State Examination (MMSE) 32 was also administered as a common measure of cognitive
impairment.

Physical Performance and Exercise Testing

There are multiple versions of the PPT, varying slightly in the number and type of

itemns.# 933,34 The battery used in the present analysis included writing a sentence,
simulated eating, lifting a book onto a shelf above shoulder height, simulated dressing,
picking up an item from the floor, walking 50 feet, turning in a circle, rising from a chair
five times, and a progressive Rhomberg test of balance (i.e. standing with feet side-by-side,
semi-tandem and tandem).* This battery of common basic and instrumental activities of
daily living is scored 0—4 based on performance time. The score range is 0-36 with higher
scores indicating better performance.

We also calculated scores for the 4-item mini-PPT.3 The mini-PPT includes picking up an
item from the floor, 50° walk, chair rise, and the progressive Rhomberg test. Scores are
summed for a maximum score of 16.

After the PPT, peak oxygen consumption (VO, peak; ml*kg~1*min~1) was assessed during
a symptom-limited, graded treadmill test using a modified Bruce protocol® 35 and
metabolic cart (Parvomedics, Sandy, UT) as described previously.38 Oxygen consumption
was averaged over 15-second intervals. VO, peak was considered the highest observed
value during the exercise test.
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Data Analysis

Group differences in demographics and our measures of interest were first assessed using
parametric (ANOVA) and nonparametric statistics (Chi-square, Mann-Whitney U) as
appropriate, a=0.05 (SPSS, Version 17). PPT, mini-PPT and VO, peak were correlated
using Pearson’s correlation. We then performed stepwise logistic regression analyses®’ to
explore the relationship of predictor variables on the dependent variable, functionally-
limiting aerobic capacity (defined as VO, peak<20 mlI*kg~1*min~1; dummy coding below
threshold =1, greater than or equal to threshold =0).18 PPT or mini-PPT, MMSE, age and
gender (categorical dummy coding Female=1, Male=0) were used as predictor variables.
The predictor variables were selected based on prior experience with potentially influential
demographics in those with dementia and to ensure that cognitive confounding of physical
and aerobic testing were not influencing our model. We entered our predictor variables in
forward stepwise fashion using the likelihood ratio (a<0.05 to enter, a>0.1 to remove).

Diagnostic utility (sensitivity and specificity) of the PPT and mini-PPT to identify limited
aerobic capacity was assessed using standard procedures.38 We then plotted a Receiver-
Operator Characteristic (ROC) curve to determine optimal sensitivity and specificity for
functionally-limiting aerobic capacity. ROC curves are a common way to assess the
usefulness of a measure to categorize individuals. Sensitivity in the present case is the
proportion of patients who have functionally-limiting aerobic capacity who would also be
identified as such by the PPT or mini-PPT. Specificity here is the proportion of patients who
are not aerobically impaired who are also ruled out by the PPT or mini-PPT. An ROC curve
plots true positives (sensitivity) against false positives (1-specificity). This is done to
identify a cutoff score that achieves the best sensitivity and specificity for classifying
functionally-limiting aerobic capacity.

Of the 130 participants included in the analysis, 70 did not have dementia and 60 had very
mild (CDR 0.5, n=50) or mild (CDR 1, n=11) dementia related to AD. Both groups were
predominantly female (59%) with an average age of 74.7 (Range = 65.3-84.5, SD=5.4). The
groups did not differ in age or gender distribution. PPT, mini-PPT and MMSE scores were
significantly lower in the group with AD compared to the group without dementia (p
<0.001). See Table 1 for group summaries of demographic and outcome measures.

The groups also differed in VO, peak (p=0.02), with mean of the group without dementia
above the 20mlI*kg~1*min~1 threshold sufficient for functional performance and the mean
of the group with AD falling slightly below this threshold. Based on this threshold, 31
individuals (24 females, mean age 77.0) in the group without dementia and, 39 individuals
in the group with AD (31 females, mean age 75.6) were identified as having an functionally-
limiting aerobic capacity.. functionally-limiting aerobic capacity.

The average total PPT score in the group without dementia was 30.4 (SD 2.8), compared to
27.5 (SD 3.2) in the group with AD. The average mini-PPT score in the group without
dementia was 13.5 (SD 1.6), compared to 12.6 (SD 1.4) in the group with AD. Comparison
to previous reports is difficult as some have used different scales or enrolled participants
who are much older.* 39

In the group without dementia, the PPT was moderately correlated with VO, peak (r=0.33,
p=0.006). The mini-PPT was weakly correlated with VO, peak (r=0.25, p=0.04). In the
group with AD, the PPT (r=0.35, p=0.006) and the mini-PPT (r=0.49, p<0.001) were both
moderately correlated with VO, peak, with the mini-PPT having a stronger relationship to
aerobic capacity in this group.

J Geriatr Phys Ther. Author manuscript; available in PMC 2013 April 1.
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We then looked at predicting a persons attaining a threshold VO, peak deemed sufficient for
functional performance (=20 mi*kg~1*min~1). In the group without dementia, age and
gender were both sigificant factors associated with aerobic capacity below 20
ml*kg~*min~1. PPT and MMSE were not contributing measures to the likelihood that a
participant without dementia would be considered impaired (Table 2). The overall prediction
accuracy of this equation was 80% (Nagelkerke r? = 0.36). Using the mini-PPT did not
improve the prediction accuracy as the final model using age and gender remained
unchanged.

Using the same methodology, age, gender and PPT score all contributed to the prediction of
functionally-limiting aerobic capacity in individuals with AD. MMSE did not contribute to
the model (Table 3). The overall accuracy of the model was 88.3% (Nagelkerke r2 = 0.55).
Using the mini-PPT slightly reduced the prediction accuracy 78.3% (Nagelkerke r2 = 0.49).
The probability that any participant, with or without dementia, would be considered to have
functionally-limiting aerobic capacity can be calculated using Equation 1 from the logistic
coefficients (b) in Tables 2 and 3.37

probability of functionally limiting aerobic capaity=e”/1+e”

where e is the natural logarithm, 2.718 and z = Constant + bAge * (Age) + b * Gender
(Gender: 0 for female, 1 male) + bPPT * (PPT or mini-PPT score)

Calculation of the probability that an individual’s functional capacity is impaired may have
limited clinical utility. We therefore identified PPT and mini-PPT cutoff values that would
predict aerobic impairment with reasonable specificity and sensitivity using an ROC curve.
Because PPT was not predictive of aerobic capacity in the group without dementia we did
not perform this analysis on that group. Clinicians can use Eq. 1 to calculate the probability
of functionally-limiting aerobic capacity using age and gender alone. Figure 1 shows the
ROC curves for PPT (shaded) and mini-PPT (diagonals).

At a cutoff score of 28.5, those who scored 28 or below on the PPT were correctly identified
67% of the time as having a VO, peak below 20 mI*kg~1*min~1 (i.e. 67% sensitivity). The
same cutoff point was 67% specific, meaning that two thirds of individuals scoring 29 or
above were correctly classified as not having functionally-limiting aerobic capacity. The
area under the plot (0.69, p=0.02, 95%CI 0.55-0.83) can be taken as a measure of the
diagnostic utility of the PPT and suggests that a cutoff score of 28.5 on the 9-item PPT
provides better than chance ability to predict aerobic impairment in a group of individuals
with dementia. The mini-PPT had slightly improved sensitivity. At a cutoff score of 13.5,
the mini-PPT had 85% sensitivity and 62% specificity. The area under the plot was slightly
higher than that of the PPT (0.75, p=0.001, 95%CI 0.62-0.89).

DISCUSSION

Physical function capacity sufficient to perform daily basic and instrumental activities is an
essential component of maintaining independence as one ages. Traditional, self-reported
measures of physical function and functional independence may lack sensitivity to early
performance decline. 49 Subjective reports may also be confounded by poor self-awareness
and recall for the patient 4 or by the perceived burden of the caregiver informant
completing the report.2 An objective measure of physical performance and function such as
the PPT or VO, peak avoids the confounds of subjective reporting® and provides an
objective measures that is responsive to intervention.43 44

J Geriatr Phys Ther. Author manuscript; available in PMC 2013 April 1.
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It is important to identify objective measures of physical performance that have validity
when compared to other, established measures. In the present study we compared the PPT
with an establish objective threshold of aerobic capacity deemed necessary for functional
performance.1® Our results suggest these measure are more strongly correlated in those with
dementia than those who do not have dementia. We then sought to further test the clinical
utility (sensitivity and specificity) of the PPT and mini-PPT to identify reduced aerobic
capacity in the earliest stages of AD when compared to these established measures. The
results suggest that a clinician can predict with reasonable accuracy (78%-88%)
functionally-limiting aerobic capacity in an older adult with early-stage AD using just an
age, gender and PPT or mini-PPT score.

Interestingly, the model including the PPT did not improve prediction of functionally-
limiting aerobic capacity for those without dementia; age and gender alone are enough for
80% accuracy. It remains unclear why the PPT is more closely associated with aerobic
function in those with dementia. One possible explanation is that even in the earliest stages
of AD, subtle motor function changes occur that could alter both motor performance on a
non-aerobic battery such as the PPT as well as treadmill-based maximal exercise testing. For
example, gait speed can begin to decline up to 12 years before onset of mild cognitive
impairment*® considered a prodromal stage of AD for many individuals. Gait variability and
transfer are also altered in mild cognitive impairment and early-stage AD.46: 47 Thus, there
appear to be subtle but meaningful motor changes early in the disease. It is possible that
these changes, which may contribute to the physical function changes in AD detectable the
PPT and mini-PPT,*8 compromise aerobic capacity as well.

Assessment of aerobic function is within the purview of many rehabilitation professionals.
Further, the rehabilitation professional can use the information derived from the exercise test
for individualized exercise prescription. However, exercise testing is not always feasible in
rehabilitative settings. The present results suggest that aerobic capacity as measured by a
graded exercise test share common, measureable physical requirements with both versions
of the PPT. This was seen in the correlation in both those with AD and without dementia.
This supports previous work identifying what Binder et al. referred to as aerobic power
(VO, peak) as an important component of the PPT score, and therefore physical
performance in older adults. As Binder et al. noted, this relationship is particularly striking
because the PPT as employed in this study does not contain aerobically intense activities.3°
Rather, the PPT along with age and gender, appears to be predictive of functionally-limiting
aerobic capacity in those with AD. That is, individuals with AD who experience physical
decline are also likely to experience a reduction in their aerobic capacity.

Cutoff scores for the PPT and mini-PPT provide a screening index for aerobic impairment of
clients with dementia. We do not mean to suggest that the PPT is a replacement for clinical
exercise testing. Rather, upon initial evaluation, these data suggest the PPT and mini-PPT
provides information about the aerobic capacity and functional status of an individual. Based
on this initial measurement, the rehabilitation professional may wish to specifically measure
aerobic capacity using a maximal or sub-maximal aerobic exercise test to prescribe exercise
and set goals within the plan of care. Clinically, those with AD who have a PPT score of 28
or below (or 12 and below on the mini-PPT), likely have diminish aerobic capacity that
limits function and independence.

The 4-item abbreviated version of the PPT has been proposed as a useful alternative to the
9-item PPT.3 Purported benefit of this assessment are its brevity and ease of administration
in the clinic; requiring only a penny, a chair and 50’ of floor length to administer. Certainly
there is value in the 4-item PPT as a screening tool for physical function decline in early-
stage AD. In fact, the present results would suggest it is slightly more sensitive to

J Geriatr Phys Ther. Author manuscript; available in PMC 2013 April 1.
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functionally-limiting aerobic capacity. That being said, we suggest that the full 9-item PPT
has additional items of relevance to the rehabilitation professional. Specifically the 9-item
PPT includes simulated basic daily activities such as feeding and dressing that are of
particular interest to rehabilitation clinicians. Further, given that a full battery of
physiological and psychological testing beyond that which is standard for clinical practice
may be untenable, the PPT likely captures those components of aerobic function essential to
performance of basic activities of daily living. Clinicians may chose to use either version
(PPT or mini-PPT) depending on the needs of the clinical evaluation.

A significant limitation of the present analysis is the lack of clear measurement of other
components of functional performance such as balance and flexibility which influence
function.2* Though these are directly or indirectly captured by the PPT, they were not
outcome measures in the Brain Aging Project. The model may have been improved were we
to have captured additional physical function variables. In addition, the Brain Aging Project
cohort are, as a group, relatively healthy compared to the greater population. This limits the
generalizability of our findings. It is particularly important to note that the PPT and mini-
PPT appear to hold little predictive value for functionally-limiting aerobic capacity in
healthy older adults without dementia. While the PPT is weakly related to peak aerobic
capacity in these individuals, and is a useful tool in this population for assessing function,
frailty and fall risk, it appears to have no predictive value for clinicians in need of assessing
functional aerobic capacity in those without dementia.

CONCLUSION

Both the 9-item PPT and 4-item mini-PPT are batteries of functional tasks useful for
evaluation of individuals with early-stage AD. A score of 28 or less on the PPT, or 13 or less
on the mini-PPT, indicates a reasonable likelihood of functionally-limiting aerobic capacity.
For rehabilitation professionals, these results extend the utility of the PPT, which
incorporates basic and instrumental activities of daily living. The PPT appears to be a multi-
purpose clinical tool for assessing function, frailty, fall risk and potential aerobic
compromise. While maximal exercise testing remains the gold standard method for indexing
aerobic capacity level, the PPT could serve as an initial screening to for multiple problems
in including impaired aerobic capacity for the individual with AD.
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Figure 1.

ROC curves of sensitivity (y-axis) and 1-specificity (x-axis) for PPT (solid shade) and mini-
PPT (diagonally hatched) to identify individuals with AD as having functionally-limiting
aerobic capacity. At a cutoff score of 28.5, those who scored 28 or below on the PPT were
correctly identified 67% of the time as having a VO, peak below 20 mi*kg™1*min~1 (i.e.
67% sensitivity). The same cutoff point was 66.7% specific, meaning that two thirds of
individuals scoring 29 or above were correctly classified as not having functionally-limiting
aerobic capacity (area under curve = 0.69, p<0.02, 95%CI 0.55-0.83). The mini-PPT had
slightly improved sensitivity. A cutoff score of 13.5 had 85% sensitivity and 62% specificity
(area under curve = 0.75, p=0.001, 95%CI 0.62-0.89).
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Table 1
Participant Characteristics

Healthy Control (n=70) AD (n=60) Sig.
Age (Range) 74.8 (65.3-84.3) 74.5 (65.3-84.5) 0.83
Gender (% Female) 40 (56%) 38 (62%) 0.59
PPT (Range) 30.6 (23-36) 27.9 (17-33) <0.001
mini-PPT (Range) 13.5 (7-16) 12.6 (9-15) 0.001
MMSE (Range) 29.4 (27 - 30) 26.2 (15-30) <0.001
VO, peak (Range)  21.5 (12.6 — 44.6) 19.4 (12.5 - 28.4) 0.02
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