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Abstract
OBJECTIVES—To determine whether mildly impaired physical function (based on
performance-based assessment) is associated with the development of dementia of the Alzheimer
type (DAT) in cognitively normal older adults.

DESIGN—Longitudinal, observational study with yearly assessments of physical and cognitive
function. Mean follow-up was 5 years.

SETTING—Knight Alzheimer’s Disease Research Center at Washington University, St. Louis,
Missouri.
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PARTICIPANTS—Four hundred thirty-five cognitively normal adults, age 60 years or older
participating in longitudinal studies of aging.

MEASUREMENTS—Survival analyses were used to examine whether scores on the 9-item
Physical Performance Test (PPT) predicted time to DAT diagnosis. Cox proportional hazards
models were used to examine associations between the PPT total scores and time to cognitive
impairment and DAT; as well as the association of time to these events while adjusting for, and
simultaneously testing the effects of age, gender, education, and presence of at least one
apolipoprotein (APOE) ε4 allele.

RESULTS—During the follow-up period, 81 participants developed DAT. Compared to those
who remained cognitively normal, participants diagnosed with DAT were older (81 vs 74.2 years;
p=.001) and had worse performance on the PPT (25.5 vs 28.1; p=.009). Time to DAT diagnosis
was associated with total scores on the PPT (hazard ratio [HR] =.89, 95% CI=.86–.93, p<.001)
such that time to a DAT diagnosis was slower for participants with higher physical performance
scores. In the adjusted analysis, the PPT scores significantly predicted time to a DAT diagnosis
(HR =.94, 95% CI=.89–.99, p<.022).

CONCLUSION—The presence of mild physical impairment in cognitively normal older adults is
associated with subsequent development of DAT. Although the physical impairment may be
sufficiently mild that it is recognized only with performance-based assessments, its presence may
predate clinically detectable cognitive decline.
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INTRODUCTION
Dementia of the Alzheimer type (DAT) is the most common cause of cognitive impairment
in older adults and is associated with significant disability requiring substantial use of health
care resources.1,2 Although the clinical features of DAT are thought to be primarily
cognitive, an emerging body of literature supports a relationship between DAT and
decrements in physical function.3–5

Decline in physical performance has been well documented in moderate to severe
dementia;1, 6 however, recent data suggests that physical impairment is also detectable in
mild dementia. Several studies support the hypothesis that physical impairments may
precede the diagnosis of dementia. A recent report found that physical frailty is associated
with the risk of incident mild cognitive impairment (MCI), a prodromal syndrome of DAT.7

However, the construct of frailty contains subjective domains such as fatigue and may be
conflated in older adults who are cognitively impaired.8 Additionally, many reports linking
physical and cognitive impairment do not distinguish between DAT and dementia in
general. This lack of distinction is important because several dementia etiologies such as
Parkinson’s disease, Dementia with Lewy Bodies, and vascular dementia are often
associated with physical impairment well before the onset of cognitive decline.

Although data supports a relationship between physical function and DAT, the temporal
relationship between the two have not been well-characterized. It is therefore difficult to
determine the causal relationship. It remains unclear whether preclinical pathophysiological
changes in the brain contribute to physical impairment or whether physical function
contributes to the development of cognitive decline. Nonetheless, if physical impairment can
be detected prior to noticeable cognitive impairment, performance-based physical
assessments may facilitate the identification of patients with preclinical DAT. Performance
based physical assessments could be useful because the current tools used to diagnose DAT
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are primarily based on cognitive assessments, thus limiting the clinician’s ability to identify
patients at increased risk for developing DAT.

We have previously reported that the onset of DAT is preceded by changes in body weight9

and impairment in visuospatial function10 by as much as three years before appearance of
overt episodic memory impairment. Thus, we hypothesize that alterations in physical
performance also may precede the onset of dementia. To investigate the relationship
between physical performance and development of DAT, we longitudinally assessed
objective measures of physical performance and cognitive function in a well-characterized
cohort of cognitively normal older adults and tested whether physical performance predicts
time to a DAT diagnosis.

METHODS
Participants

All participants were older adults involved in studies of cognitive and functional aging at the
Knight Alzheimer’s Disease Research Center (ADRC) at Washington University between
January 1998 and August 2007. The ADRC recruits both cognitively healthy and demented
older adult volunteers from the greater metropolitan St. Louis area (population: 2.5 million).
All participants of the study were enrolled in the ADRC longitudinal study and completed
annual clinical assessments. Inclusion criteria for this study were cognitively normal at the
initial clinical assessment, age over 60 years, ambulatory, able to complete all assessments,
at least one follow-up assessment, and Physical Performance Test (PPT) score greater than 5
(range of possible PPT scores, from worst to best performance, is 0 to 36). A total of 510
individuals completed all assessments required for this study and 440 participants met the
initial inclusion criteria. During follow-up, five participants were diagnosed with non-DAT
dementia- two with dementia with Lewy Bodies, two with vascular dementia and one with
dementia due to Parkinson’s disease. These individuals were excluded from analyses giving
a final sample size of 435.

Clinical and Cognitive Assessments—The clinical evaluation at baseline and at each
annual follow-up visit included obtaining past medical, social and family history from a
reliable informant, usually a spouse or adult child. Information regarding possible cognitive
change and functional loss 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,11 the Short Blessed Test,12 an aphasia
battery, a medication inventory, a detailed neurological examination and a depressive
features battery.

Using all information from the clinical assessment protocol but without reference to the
participant’s psychometric performance, the clinician determined the Clinical Dementia
Rating (CDR) for the participant.13 In this study, cognitive normality was denoted by a CDR
score of 0 and cognitive impairment by a CDR score > 0, where CDR 0.5, 1, 2 and 3
indicate very mild, mild, moderate and severe dementia. The diagnosis of DAT was made in
accordance with standard criteria14 and, in our ADRC, is confirmed by histopathology in
93% of cases, even for individuals diagnosed in the CDR 0.5 stage15.

Physical Assessment—Following the general physical and neurological examination,
the PPT was administered by a trained research nurse. We used a modification of the
original PPT instrument,16 which uses 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,17,18 has been associated with
self reported disability, nursing home placement and mortality.17 Specific tasks in our
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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, 7) walking 50 ft., 8) the
chair rise (i.e., sitting in and rising from a chair five times), and 9) the Progressive Romberg
test of standing balance (i.e., standing with feet in tandem, semi tandem and side by side
positions). The tasks in our PPT were scored on a 5 pt scale, from worst to best
performance: 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. Based on our prior work,19

we classified participants as functional (PPT scores > 28) or impaired function (PPT scores
< 28).

Statistical Analyses
Analyses were performed using SAS (Cary, NC). Change from cognitively normal status to
a diagnosis of DAT was the primary outcome measure. Survival analyses were used to
examine whether scores on the PPT predicted time to receipt of a DAT diagnosis. Kaplan-
Meier survival curves were used to test unadjusted associations between scoring at a
functional vs. impaired function and DAT diagnosis. Because they are able to accommodate
continuous predictor variables, Cox proportional hazards models were used to examine
unadjusted associations between the PPT total scores and time to DAT; as well as the
association of time to DAT with baseline PPT total scores and testing at the functional level
on the PPT; while adjusting for, and simultaneously testing the effects of, age, gender,
education, and presence of at least one apolipoprotein (APOE) ε4 allele. A p-value of less
than .05 was taken to indicate statistical significance in all analyses.

RESULTS
Sample Characteristics

A total of 435 participants met the inclusion criteria for the study. During the follow-up
period, 81 participants were diagnosed with DAT. The mean baseline PPT score was 27.6
(SD=5; range 19–34). Additional demographic information for these participants is shown
in. Table 1.

Participants had a mean age of 75.9 years at entry and were mostly women (60.9%). All
participants were CDR 0 at baseline with mean MMSE score 28.8. The sample was
evaluated over a mean of 5 years (range 2–9). Compared to those who remained cognitively
normal, were older (81 vs 74.2 years; p=.001) and had worse performance on the PPT (25.5
vs 28.1; p=.009).(Table 2).

Predicting future DAT
Based on prior work,19 participants were categorized using predetermined cut-off scores for
the PPT to determine presence of physical impairment (PPT scores < 28) or functional (PPT
scores >28). In this sample, 59.3% of participants had PPT scores in the functional category.
In the unadjusted analyses, time to a DAT diagnosis was associated with total scores on the
PPT (HR=.89, 95% CI=.86–.93, p<.001) such that time to a DAT diagnosis was slower for
participants with better physical performance scores. Physical impairment predicted a faster
time to a first DAT diagnosis (p<.001, Figure 1).

We then applied Cox proportional hazards models to adjust for age, gender, education, and
the presence of an APOE ε4 allele to predict time to a DAT diagnosis (Table 3). Impaired
physical performance measured with the PPT significantly predicted time to a DAT
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diagnosis. Older baseline age and having one or more APOE ε4 alleles were also
significantly associated with a faster time to DAT diagnosis.

DISCUSSION
In this sample, cognitively normal participants who developed DAT had worse physical
performance at baseline compared to those who did not develop DAT. Impaired physical
performance was associated with a faster time to the diagnosis of DAT while participants
whose physical performance status was functional (PPT score ≥28) had a longer time to
diagnosis of DAT. These findings support the hypothesis that impairments in physical
function can precede the cognitive symptoms of DAT.

Currently, the tools being used and studied for the detection of preclinical Alzheimer’s
disease (AD) focus on cognitive measures and biological measures using cerebrospinal fluid
(CSF) and neuroimaging. These tools may be difficult to utilize or access for many primary
care physicians who will be the first contact for patients with DAT. A physical performance
measure may be a more practical tool for primary care physicians and offer a warning of
possible deleterious cognitive outcomes.

Several reports describe that frailty is a significant predictor of cognitive decline20 and that
more rapid decline in cognitively impaired older adults may be due to increased physical
impairment.21 However, there is no consensus on the definition of frailty, which may
include physical measurement only or a more global assessment that includes comorbidities,
disabilities and subjective complaints.22 We focused here on physical performance rather
than the more subjective construct of frailty. Performance-based measures are more
reproducible and have greater sensitivity to change, making them more reliable for clinical
use than self-report measures.23, 24

Previous studies support a strong relationship between cognitive and physical performance
and show that declines in one sphere may predict future decline in the other.25,26 In a cohort
of 823 older adults followed longitudinally, baseline frailty increased the risk of AD (HR
2.44) and the annual rate of change in frailty was associated with the development of
dementia (HR 3.3).27 In a study of 367 persons with AD,28 decline in physical performance
was predicted by lower cognitive performance, while another study29 noted that poor
physical function and decreased muscle strength often coexist with cognitive impairment.
Likewise, improving physical activity may provide protective effects for the onset of
dementia.30

A recent randomized trial31 reported that a 6-month program of physical activity provided
improvement in cognition in older adults with subjective memory complaints. This group of
individuals, although reported as nondemented, had a mean global CDR of 1, suggesting
that more than subjective memory complaints were present. In this study, we report
predictors of future DAT in nondemented older adults characterized by informant
interviews. Likewise, a number of studies used composite measures of frailty including
subjective complaints of fatigue, body composition and components of the Unified
Parkinson Disease Rating scale22, 27, 32 for their physical assessments. While these
measurements certainly capture aspects of physical limitations, it is unclear if they measure
frailty (a multidimensional construct that represents age-dependent changes in physical
reserve), extra pyramidal signs or somatic complaints.

This study supports and confirms prior reports and utilizes a clinically well-characterized
sample of older adults who were cognitively healthy at enrollment. We report here results
based on the PPT, a validated, performance-based measure of physical function, and show
that individuals with impaired physical performance (PPT score <28) have a faster time to
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development of DAT than individuals with better physical performance. While this study
includes a large sample of older adults and a representative sample of African Americans
(8.2%), the participants are well-educated, and relatively healthy. Therefore, the population
is not representative of all community-dwelling older adults. Although participants with
higher PPT scores were slower to develop DAT may suggest that exercise and increased
physical activity can delay DAT, we cannot confirm this because our study does not include
data regarding physical activity and physical fitness. This report does support further
investigation regarding the use of performance-based measures of physical function to
identify older adults at risk for DAT.
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Figure 1.
Kaplan-Meier Curves Showing the Association between Functional Status on the Physical
Performance Test at Baseline and Time to Diagnosis of Dementia of the Alzheimer Type
(DAT).
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Table 1

Baseline Characteristics of Study Participants. (N = 435)

Mean/N SD/%

Age, years 75.9 8.8

Education, years 14.8 3.1

Women 265 60.9%

African American 36 8.3%

MMSE 28.8 1.3

SBT 1.5 2.2

PPT, total score 27.6 4.7

Functional, total PPT score ≥28 258 59.3%

Abbreviations: MMSE = Mini-Mental State Exam, range 0–30; SBT = Short Blessed Test, range 0–28; PPT = Physical Performance Test.
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Table 2

Comparison of Participants who Developed DAT and those who remained Nondemented. (N = 435)

Characteristic Diagnosed with DAT n= 81 Cognitively Normal n= 354 p value

Age, years 81.0 (7) 74.2 (9) .001

Education, years 14.2 (3) 14.9 (3) .161

PPT score 25.5 (6) 28.1 (4) .009

SBT 1.8 (2) 1.3 (2) .735

MMSE 28.1 (2) 28.9 (1) .007

Women 59.3% 61.4% .437

APOE ε4+ 66.7% 70.6% .64

Abbreviations: MMSE = Mini-Mental State Exam, range 0–30; SBT = Short Blessed Test, range 0–28; DAT = Dementia of the Alzheimer Type;
PPT = Physical Performance Test; APOE ε4+ = presence of at least one apolipoprotein ε4 allele.
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Table 3

Results of the Adjusted Cox Proportional Hazards Models

Time to DAT diagnosis

HR

95% CI

P-valueLower Upper

PPT

 Total score .94 .89 .99 .022

 Female gender .88 .56 1.39 .585

 Age, y 1.07 1.03 1.10 <.001

 Education, y .95 .89 1.02 .174

 APOE ε4+ 2.10 1.29 3.42 .003

Abbreviations: HR = Hazard Ratio; CI = Confidence Interval; PPT = Physical Performance Test; APOE ε4+ = presence of at least one
apolipoprotein ε4 allele.
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