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Abstract

This report examines the relation of upper and lower extremity motor performance to functional impairment among 37| persons
with probable Alzheimer’s disease (AD). Cognitive and motor performance tests were administered at 6-month intervals for up
to 4 years. Motor performance was assessed using 3 lower extremity tests and 2 upper extremity tests. Functional impairment
was measured at 3-month intervals using caregiver ratings of impairments in activities of daily living, mobility, and range of motion.
Both lower and upper extremity performance were inversely related to functional impairments on all 3 scales (all Ps <.001), after
controlling for age, sex, and level of cognitive impairment. This suggests that motor performance contributes to functional
impairments in AD, independent of cognitive impairment. It is important to preserve motor performance in individuals with
AD because it influences physical function throughout the course of the disease.
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Introduction

Alzheimer’s disease (AD) is a major source of functional
impairment in older people.'” Research on the development
of functional impairment in AD has primarily focused on the
role of cognitive impairment. These studies have found a
substantial correlation between impaired functional activities
of daily living (ADLs) and the severity of cognitive impair-
ments,*” but rarely evaluated other potential contributing
factors to functional impairment.

Motor performance warrants further study as a risk factor
for functional impairments in AD, as most ADLs require basic
motor skills. Motor symptoms, such as gait disturbances and
extrapyramidal signs, are associated with increased risk of
functional impairment in older people'®'" and often develop
over the course of AD.'?"!> Postmortem studies report substan-
tial person-to-person variability in neuropathological changes
in neural systems subserving motor performance.'®'® The few
available studies®®?* have found that motor symptoms are
associated with increased risk of functional impairment in AD,
but most did not longitudinally measure motor performance,
limiting precision. One study of community-dwelling older
adults with mild-to-moderate cognitive impairment found that
lower extremity motor performance predicted the onset of
dependence in basic ADLs at the l-year follow-up.® Two

simple tests of motor performance (rapid gait and repeated
chair stands) distinguished persons at low and high risk of ADL
dependence.

The aim of this report is to examine cognitive and motor
performance as predictors of functional impairments using data
from a longitudinal study of persons with AD to test whether
impairments in motor performance are related to functional
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impairment even in persons with AD. Our hypothesis is that
impairments in motor performance will significantly predict
functional performance independent of cognitive impairment.
This report extends previous work because we had a longer
follow-up period, more observations, and participants with
greater cognitive impairment, functional impairment, and
racial variation. We also tested both upper and lower motor
performance and examined a broader range of functional
impairment than previous studies. Cognitive and motor perfor-
mance tests were administered every 6 months for up to 4 years.
Impairments in daily functioning were evaluated at 3-month
intervals using structured interviews with a family member.
The large number of observations per person enhances preci-
sion in estimating linear and nonlinear trends in the develop-
ment of functional impairments in persons with AD.

Methods
Participants

Study participants were recruited from among all patients
evaluated at the Rush Alzheimer’s Disease Center between
June 1999 and April 2002. All participants were 65 years of age
or older, met standard diagnostic criteria for possible or
probable AD,** and resided in a community setting. Of 559 per-
sons eligible for this study, 396 (70.8%) consented to partici-
pate and 371 had a diagnosis of probable or highly probable
AD and no missing baseline data, and thus constituted the
analytic sample. Participants were 70.1% female, 72.5% white,
26.4% black, 0.5% Asian-Pacific Islander, and 0.5% other.
Mean age at baseline was 77.6 years (SD 9.0).

Consent procedures were approved by the Institutional
Review Board of Rush University Medical Center. All proce-
dures were presented verbally by study representatives and
specified in written consent documents. As an added precau-
tion, participants with AD and a responsible family member
jointly signed consent documents.

Measures

Cognitive performance. The Mini-Mental State Examination
(MMSE)* was selected as the primary index of cognitive
impairment because of its widespread use in scaling dementia
severity.%® Scores range from 0 to 30, indicating the number of
correct responses. In addition, we used a global measure of
cognitive performance that summarized 9 cognitive function
tests: 2 measures of episodic memory, 3 of semantic memory,
1 of working memory, 2 of visuaospatial memory, and
the MMSE that assessed global cognition. As previously
described,””?® each test was converted to a z score using the
mean and standard deviation of the entire study population at
baseline. Then the 9 z scores were averaged. We tested our
hypothesis using the MMSE as the global cognitive measure
in separate analyses.

Motor performance. The lower extremity performance (LEP)
battery consisted of 3 tests: 360-degree turn, measured walk,
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Figure |. Predicted values of the Katz functional impairment score
as a function of lower extremity motor performance score based on
Generalized Estimating Equations (GEEs) model adjusted for age, sex,
race, and cognitive performance.

and repeated chair stands. These are commonly used tests of
motor performance in elderly populations, and they have rea-
sonable reliability**=® and well-established predictive valid-
ity.>'22 The 360-degree turn requires the participant to stand
at a fixed point and make a complete rotation around that point.
The score is based on the time it takes to complete the turn. The
measured walk measures the time it takes a participant to com-
plete an 8 feet walk. The turn and walk tests were repeated twice
and the average of the 2 measures was recorded. The chair stand
requires the participants to fold their arms across their chest and
rise from a sitting position. The time it takes to get up from the
chair 5 times is the score. In keeping with procedures estab-
lished previously,>'*** recorded times were converted into
quintiles with the shortest times scoring highest (5) and an addi-
tional category, coded 0, for those who were unable to complete
the task. The scores from 0 to 5 on each of the 3 tests were
summed to determine an overall LEP score (range 0-15).

The upper extremity performance (UEP) battery consisted
of finger tapping and Purdue pegboard tests. The finger tapping
test>> requires the participant to tap a key with his or her index
finger as many times as possible for 10 seconds. An electronic
tapper (Western Psychological Services, Los Angeles, Califor-
nia) was used to count the number of taps. Two trials were
performed with each hand and the average of the 4 trials
yielded the tapping score. The Purdue pegboard test*® records
the number of pegs that can be placed in the board in 30 seconds.
Two trials were performed with each hand and the average of
the 4 trials yielded the pegboard score. Each score was
transformed into a standardized z score and the overall score for
the UEP was the average of the z scores with higher scores
indicating better performance.

Functional impairment. Functional impairments were measured
using 3 standard self-report scales,®’ modified slightly for use
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as informant ratings in the current study. Six items from the 7-
item Katz scale were used to measure the ability to indepen-
dently perform basic self-care activities (bathing, dressing,
walking across a small room, transferring from bed to a chair,
using the toilet, and eating; we excluded the grooming item to
avoid possible gender bias). The 3-item Rosow-Breslau scale
was used to measure mobility (walking a half mile, walking
up a flight of stairs, and strenuous work around the house). The
5-item Nagi scale was used to measure range of motion (reach-
ing or extending arms above shoulder level; writing or handling
small objects; pushing or pulling large objects; lifting objects
weighing more than 10 pounds; and stooping, crouching, or
kneeling). For each measure, a summary score was calculated
based on the number of items performed without assistance
(Katz, Rosow-Breslau) or with little or no difficulty (Nagi) dur-
ing the previous month. Inability to independently perform
these basic physical activities (self-care, mobility, and range
of motion) is consistent with the concept of disability as out-
lined by the World Health Organization.*®

Other Variables

All analyses included age at baseline, gender, and race (black or
white) obtained using the 1980 census question. In sensitivity
analyses, we considered 9 chronic conditions obtained from
informant report of history of cancer, heart attack, stroke, hyper-
tension, diabetes, thyroid disease, head injury, Parkinson’s dis-
ease, or hip fracture. We also considered a 10th variable
which was the count of the number of 9 conditions reported.

Design and Procedures

Cognitive (MMSE and global cognitive function) and motor
(LEP and UEP) performance tests were administered at
baseline and every 6 months for up to 4 years. Baseline testing
was conducted in a clinic setting; follow-up testing was con-
ducted in the participant’s residence. Functional impairment
scales (Katz, Nagi, and Rosow-Breslau) were administered at
baseline and every 3 months by telephone. All measures were
administered by research technicians who completed 4 weeks
of training, supervised administration, and standardized
certification examinations. Errors in data collection were
further minimized by the use of computer-assisted testing
procedures that specified item order, task instructions, and
allowable response codes. Interrater reliability was monitored
for each data collection measure every 6 months, with retrain-
ing provided as needed to maintain agreement at 90% or better.
Average interrater reliability on all measures was 98.6%
(range, 97.65%-99.78%).

Analytic Methods

We used generalized linear models fitted by the method of
Generalized estimating equations (GEEs)*>*® to examine
associations with level over time in 3 measures of reported
functional impairment. Specifically, we considered each of the

3 measures as a “proportion unimpaired” and modeled the
score on the measure with a logistic link function and binomial
error structure distribution. Generalized estimating equation
allows for the inclusion of all observed data, that is, persons
with some missing observations. We included time-in-study
(since baseline), age at baseline, male sex, black race, and the
interactions of age, sex, and race with time. These terms control
for the potential confounding effects of age, sex, and race on
both level and change over time in functional impairment. In
addition, we included time-varying MMSE score in all models,
to examine and also to control for the degree of cognitive
impairment. Time-varying LEP and UEP were added to
individual models as the primary test of our hypotheses. We
then fit an additional set of models, adding the interactions
between LEP and UEP and the demographic terms to test for
effect modification by age, sex, or race. All models were fit
using SAS.*!

Sensitivity Analyses

Possible nonlinear associations were tested by adding
squared terms for study time, age, MMSE score, LEP, and
UEP to individual models. To see whether analyses were
sensitive to reasons for early exit from follow-up, we created
3 separate indicators: (1) death during follow-up, (2) nursing
home placement during follow-up, (3) reaching a test floor
during follow-up. We added these individually to analyses
to see whether they changed the estimated association of
extremity performance with physical function. To see
whether a more comprehensive measure of cognitive function
changed the association of extremity performance with phys-
ical function, we repeated analyses using a composite of 9
cognitive tests (the global cognitive measure described
earlier) instead of MMSE. Finally, we tested the effect of
medical comorbidity by adding each of 9 conditions indivi-
dually and a count of the number of 9 conditions reported
to separate models.

Results
Follow-up Participation

Participation rates ranged from 76.1% to 90.8% across the
follow-up observations, with a median of 80.8%. Follow-up
ranged from 0.2 to 4.3 years, with a mean of 2.7 years
(SD = 1.1). The number of completed follow-up clinical
evaluations per person ranged from 1 to 8, with mean of 4.8
(SD = 1.9). Observation ended at death (n = 124) or at the time
of nursing home admission (n = 109).

Changes in Cognitive and Motor Performance, and
Functional Impairments Over Time

Table 1 summarizes longitudinal observations on measures of
cognitive performance, motor performance, and functional
impairments. The mean baseline MMSE score (13.5) is near the
midpoint of values considered to be in the impaired range. As
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Table I. Longitudinal Observations on Measures of Cognitive Performance, Motor Performance, and Functional Impairment in the Alzheimer’s

Disease Study Cohort (n = 371)*

Number of Participants Reaching Score=0(floor)

Measure Baseline Score Mean (SD) Baseline, n Follow-Up, n Annual Rate of Change® Mean (SE)
Cognitive performance
MMSE 13.5 (8.11) 35 8l —3.62 (4.29)
Motor performance
LEP 8.68 (4.67) 26 101 —2.08 (2.94)
UEP 0.05 (0.96) 22 90 —0.45 (0.60)
Functional impairment
Katz (self-care) 4.20 (2.12) 42 56 —0.91 (1.64)
Rosow-Breslau (mobility) 1.60 (1.10) 86 83 —0.60 (0.99)
Nagi (range of motion)  3.17 (1.78) 37 59 —0.71 (1.40)

Abbreviations: MMSE, Mini-Mental State Examination total score; LEP, lower extremity performance battery summary score; UEP, upper extremity performance

battery summary score.

? Functional impairment scale scores are number of items the person is able to do “without assistance” (Katz; Rosow-Breslau) or with “little or no difficulty” (Nagi).
b Estimate from least squares regression including only study time and excluding observations after the first “floor” observation.

Table 2. Fitted GEE Model Predicting Katz Self-Care Functional Impairment Scale Score® as a Function of Covariates and LEP Score®

Participants included 254

Total observations 1108

Predictor Estimate (SE) P
Intercept —0.604 (0.767) 43
Age at baseline (years) —0.006 (0.010) .53
Male sex 0414 (0.221) .06
Black race 0.155 (0.197) 43
MMSE® 0.070 (0.007) <.001
Time since baseline (years) —-0.619 (0.396) 12
Age x Time 0.006 (0.005) 27
Sex x Time —0.051 (0.103) .62
Race x Time 0.159 (0.094) .09
LEP® 0.167 (0.015) <.001

Abbreviations: GEEs, Generalized estimating equations; MMSE, Mini-Mental State Examination total score; LEP, lower extremity performance summary score.
? Modeled as the logit of the expected proportion of items “able to do” of the 6 total items.

® These were modeled as time-varying covariates.

expected for persons with AD, there was evidence of systema-
tic decline in cognitive performance on the MMSE. Measures
of LEP and UEP also declined over the study. There was
marked functional impairment at baseline and significant
decline on all 3 informant-rated disability scales.

Motor Performance and Functional Impairment

In the analyses of change in functional impairment, for each
model we excluded observations after the first score of 0
(the floor) on the outcome measure and included only people
with at least 2 observations remaining. Adjusting for the
effects of age, sex, and race, higher MMSE scores were signif-
icantly related to higher levels of functional ability on the
Katz (B = 0.107, SE = 0.007, P < .0001), Rosow-Breslau
(B = 0.038, SE = 0.007, P < .0001), and Nagi (B = 0.044,
SE = 0.008, P <.0001) functional impairment scales in models
that included no extremity performance measure. The pattern
indicates that functional impairments are greater with lower

cognitive performance on the MMSE, as expected. We then
added the primary predictors of interest, time-varying LEP and
UEP scores, separately into these models. Additional models
testing for effect modification by age, sex, or race showed no
such effects, so we present as our final models the base models.
As an example illustrated, Table 2 presents the results from the
analysis of the association of the Katz score with LEP. As the
model estimates refer to the outcome on the logit scale, we
back-transformed the predicted values to the original scale to
illustrate the model. For a person with average values of the
other covariates, Figure 1 shows the modeled association
between LEP and the number of Katz self-care items a person
can do; the strong association between the 2 can be clearly
seen. Consistent with the primary study hypothesis, lower LEP
scores were associated with lower levels of functional ability
on each of the other 2 scales, as well (see Table 3). Adding the
LEP term also attenuated the effects of cognitive impairment
on functional impairment. Mini-Mental State Examination
scores remained significant for the more complex self-care
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Table 3. Summary of Regression Models Predicting Functional Impairment on Scales (Katz, Rosow-Breslau, Nagi), Adjusted for Age, Sex, and

Race®

Functional Impairment Scale®

Katz (Self-care)

Rosow-Breslau (Mobility)

Nagi (Range of Motion)

Lower extremity performance

No of participants 254 228 254

Total observations 1108 977 1080

Predictor Estimate (SE) P Estimate (SE) P Estimate (SE) P

MMSE 0.070 (0.007) <.001 0.000 (0.007) .95 0.006 (0.008) 46

LEP 0.167 (0.015) <.001 0.125 (0.014) <.001 0.138 (0.013) <.001
Upper extremity performance

No of participants 261 231 263

Total observations 16l 1008 1135

Predictor Estimate (SE) P Estimate (SE) P Estimate (SE) P

MMSE 0.063 (0.008) <.001 0.002 (0.008) .76 0.009 (0.009) .30

UEP 0.682 (0.069) <.001 0.484 (0.069) <.001 0.474 (0.067) <.001

Abbreviations: MMSE, Mini-Mental State Examination total score; LEP, Lower extremity performance summary score; UEP, Upper extremity performance

summary score.

# All models also included terms for age at baseline, sex, race, and time since baseline, and the interactions of age, sex, and race with time; MMSE, LEP, and UEP

were modeled as time-varying covariates.

® Items able to do without assistance (Katz, Rosow-Breslau) or with “little or no difficulty” (Nagi).

functional abilities measured by the Katz, but not for the
Rosow-Breslau or Nagi scales. The same pattern of effects
was also found using UEP battery as the index of motor
performance (see Table 3).

Sensitivity Analyses

In tests for nonlinear associations of time, age, MMSE score,
LEP, UEP, and study time with each of the 3 functional impair-
ment scores, we found 3 significant quadratic effects, none of
which changed the main conclusions presented (data not
shown). In analyses including 3 indicators for death, nursing
home admission, or reaching test floors during follow-up, the
indicators had no substantive effect on the associations
between MMSE score, motor performance (LEP and UEP),
and functional impairment, demonstrating that results were not
sensitive to reasons for early exit from the study. In models
substituting the global measure of cognitive function for
MMSE, the associations of LEP and UEP remained highly
significant. Finally, in analyses including each of the 9 medical
conditions and the count of conditions, the associations
between LEP and UEP and physical function were as strong
or stronger than in analyses without them.

Discussion

The findings of this longitudinal study indicate that impairments
in both cognitive and motor performance are related to func-
tional impairment in persons with AD. As expected from previ-
ous research, the need for assistance with basic self-care
increased with lower cognitive performance. The novel
findings of the study concern the contribution of motor perfor-
mance to a broad range of functional impairments. Measures of

LEP and UEP were associated with increased functional impair-
ment in basic self-care activities, mobility, and range of motion,
even after accounting for the effects of cognitive performance.

There is a paucity of longitudinal studies examining LEP
and UEP in relation to functional impairments in persons with
AD. Previous studies measured motor performance using
clinician ratings of motor symptoms at 12°*? or 2* points in
time. By contrast, the current study used performance tests
at multiple points in time. Our data strongly support the
hypothesis that motor performance contributes to functional
impairments in AD, independent of cognitive performance.
This pattern may reflect individual differences in neuropathol-
ogy in nigrostriatal dopaminergic neural tracts.'®"'® For exam-
ple, gait disturbances have been linked to neurofibrillary
tangles in the substantia nigra in persons with and without
AD.'® We were not able to shed light on possible pathophysio-
logical bases for this relationship because brain autopsy was
not systematically obtained for this cohort.

Our findings are consistent with previous research®® but also
provide new insight into the association between motor perfor-
mance and functional impairments. Our data show that motor
performance is an independent predictor of a broad range of
functional abilities, not just basic self-care activities, and that
this association exists across a range of cognitive performance.
Our data also show that both upper and lower motor perfor-
mance predict functional impairments, independent of cogni-
tive performance, suggesting that either UEP or LEP testing
could be used to identify individuals with AD who are at high
risk of becoming functionally dependent. The relevant clinical
implication of our findings is that regardless of cognitive
decline, it is important to preserve motor performance in
individuals with AD because it influences physical function
throughout the course of the disease.
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Strengths of this study include a large sample size, repeated
measurement of key variables over a period of up to 4 years,
high rates of follow-up participation, and coverage of a broad
spectrum of motor performance, functional impairments, and
AD severity. There was a mean of 4.5 observations per person,
facilitating the evaluation of linear and nonlinear trends in the
data. Nursing home placement and death were monitored for all
participations throughout the follow-up period. As a result, it
was possible to evaluate the impact of these study end points
on findings.

There are limitations in sampling that should be considered
when evaluating our data. The study cohort was recruited from
a memory disorders clinic in a large metropolitan area, and was
limited to persons with the clinical diagnosis of AD. There are
also limitations in measurement. First, cognitive performance
was assessed using the MMSE, a brief scale consisting of basic
attention, memory, language, and praxis tasks, and with a more
extensive composite measure of cognitive performance. It is pos-
sible but not likely that some specific measures not covered in
the composite would have accounted for more variance in func-
tional impairment. Executive function and other frontal system
measures have shown promise in predicting functional impair-
ments in AD.** Second, measures of motor performance were
limited to simple, timed performance tests of upper and lower
extremity function. These measures capture speed of movement,
but do not provide direct information on other dimensions of
motor performance including strength, coordination, and move-
ment disorders. Third, cognitive and motor performance tests are
likely to share some task variance. For example, praxis items on
the cognitive test require a motor response; the motor perfor-
mance tests require rudimentary cognitive skills to comprehend
and follow instructions. Finally, functional impairments were
based on ratings by family members. This approach is widely
used in research on disability in AD. However, these semiquan-
titative ratings rely on subjective judgments by people responsi-
ble for providing informal care and assistance.

In summary, these data suggest that motor performance
contributes to the development of functional impairment in
persons with AD. We add to previous reports by showing that
fluctuations in motor performance over the disease course were
predictive of a broad range of functional impairments, includ-
ing self-care deficits that require physical assistance from
family and professional caregivers. The testing of both UEP
and LEP appears to provide a standardized and cost-efficient
method to quantify motor performance over the disease course.
Motor performance is also potentially modifiable, as physical
activity interventions have shown promise in reducing
functional impairment in AD.*
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