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Summary: We developed a test battery as an inexpensive and initial regression model was developed from the results of 19
objective aid for the early diagnosis of idiopathic Parkinson’s normal control subjects and 18 patients with early, mild, prob-

disease (iPD) and its differential diagnoses. The test battery able iPD. Prospective application to an independent validation
incorporates tests of motor function, olfaction, and mood. In the set of 122 normal control subjects and 103 patients resulted in
motor task, a wrist flexion-and-extension task to different tar- an 88% specificity rate and 69% sensitivity rate, with an area
gets, movement velocities were recorded. Olfaction was tested under the Receiver Operator Characteristic curve of K&y.

with the University of Pennsylvania Smell Identification Test. Words: Parkinson’s disease—Diagnosis—Movement—

Mood was assessed with the Beck Depression Inventory. An Olfaction—Mood.

Idiopathic Parkinson’s disease (iPD) is a common for referral to neurologists, will place a greater burden on
chronic and disabling condition with an enormous im- the primary care physician to make the diagnosis, par-
pact on quality of life and the cost of health care. Both ticularly early in the course of the disease.
the prevalence and costs of iPD will increase markedly in ~ We describe here the initial development of a battery
the next decade as the “baby boom” generation enters theof tests for iPD (PD Battery) that may be useful in the
age of greatest risk. This increase will occur unless new early diagnosis of Parkinson’s disease.
treatments that slow or stop disease progression are de-
veloped and coupled with improved diagnostic measures. METHODS
Although the effectiveness of selegiline to slow the pro-
gression of iPD is debatéd? other agents, such as nerve

growth factors and ganglioside8 pffer hope as possible o . .
protective measures. development of clinical tests. These include a clear defi-

The clinical diagnosis of iPD is difficult, particularly ~ Nition of outcome and predictive findings, blinded as-

early in the disease when the symptoms and signs may be;essment of outcomg gnd cIinian. prediction,.applicabil—
subtle. Yet, this early stage is the critical time for diag- ity and accuracy of clinical prediction rules, clinical pre-

noses if physicians hope to intervene in the progressiondICtlon ru!es that have effects on patient care, and
of the disease. In addition, many patients wait too long mathematical techniques to ensure that the results can be

after recognizing that something is wrong before seeking generalized to the whole population. We followed these

help. Changes in health care delivery, with disincentives 9Uidelines in developing the PD Battery. _
The PD Battery incorporates tests of motor function,

olfaction, and mood (depression). Tests of motor perfor-
Received April 6, 1999; revisions received July 13, 1999, September mance were chosen because of the well-recognized

15, 1999, and March 1, 2000. Accepted April 5, 2000. symptoms and signs of bradykinesia. The tests of motor
Address correspondence and reprint requests to Erwin B. Montgomery, f . . ist flexi d .

Jr., MD, Department of Neurology, Desk S90, Cleveland Clinic Foun- unction using wrist flexion and extension movements to

dation, 9500 Euclid Ave., Cleveland, OH 44195, U.S.A. two types of targets were derived from neurophysiologi-

Criteria for Developing the Test Battery
Wasson et af. described a set of guidelines for the
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cal studies in nonhuman primates before and after induc- ments, or both; (3) rigidity as measured by increased

tion of parkinsonism with n-methyl-4-phenyl-1,2,3,6- resistance to passive movement; and (4) flexed posture,
tetrahydropyridine (MPTP) and in humans with probable impaired posture-righting reflexes, or both.

iPD8*° Patients were excluded if they met any one of the

The wrist task is complicated by the fact that brady- following criteria: (1) a history of exposure, within the
kinesia is one of several inclusion criteria for patients previous 6 months, to drugs that either block dopamine
with probable iPD. In this sense, the wrist task results receptors or deplete dopamine stores; (2) a lack of re-
may not be independent of the selection criteria. This sponse to levodopa therapy; (3) clinically significant
potential lack of independence raises the concern that theweakness; (4) changes in tendon reflexes or the presence
wrist task would be abnormal in the patient group be- of pathologic reflexes, such as a Babinski sign; (5)
cause the patients were selected to be slow in their move-ataxia; (6) dementia; (7) impairment of vertical gaze; or
ments. However, bradykinesia alone was only one of the (8) marked autonomic nervous system abnormalities,
criteria we used and was not a necessary or sufficient such as orthostatic hypotension and urinary bladder dys-
criterion for diagnosis. The diagnosis also depends on thefunction. Although these exclusion criteria do not elimi-
presence of tremor, rigidity, and postural abnormalities. nate the possibility of including patients with conditions

Olfaction and mood were included because these char-other than iPD, these criteria decrease the probability of
acteristics are abnormal in a large percentage of patientssuch inclusion.
with iPD.*°~*®> Symptoms of olfactory dysfunction and All patients were Hoehn and Yahr stage 2 or 2.5 and
depression often antedate the diagnosis of 1P’ Re- were mildly and bilaterally affected. Normal control sub-
cently, several studies have shown that olfactory testing jects were required to meet the same exclusion criteria as
may distinguish patients with iPD from patients with described above for patients with probable iPD. In addi-
progressive supranuclear palsy (P8PJhis observation tion, control subjects and patients were excluded if they
increases the likelihood that the PD Battery may help had a medical history that could account for diminished
differentiate patients with iPD from patients with PSP. olfaction from other causes. For example, potential par-
Olfaction does not distinguish iPD from Alzheimer’s dis- ticipants were excluded if they had a history of signifi-
ease"* However, the combination of olfaction, mood, cant head injury, smoking, allergic rhinitis, or nasally
and motor testing may do so. administered medications.

Clinical predictive tests can be made stronger by com- Some newly diagnosed patients were taking medica-
bining different subtests, provided that the subtests aretions, which could introduce some selection bias. Pa-
independent; that is, that they do not measure the sametients not yet receiving treatment may differ in the degree
feature. It is reasonable to assume that the wrist move-of pathology compared with those on treatment. How-
ment task, the olfaction test, and mood assessment evaluever, this patient selection was deliberate. To develop a
ate different and independent features of iPD. Thus, their diagnostic battery, we required patients in whom we
combination should improve the predictive value of the were confident of the diagnosis. Thus, some patients

test battery. with a history of responsiveness to levodopa therapy
) . ) were included. Patients with early probable iPD (that is,
Selection of Patients and Control Subjects those not yet under treatment) were included to increase

As yet, there is no antemortem method for establishing the probability that the test battery would be generaliz-
the diagnosis of iPD. Thus, to be accurate, patients stud-able to the population of concern: patients with very
ied here, and in most published studies, can be said onlyearly and subtle iPD.
to have Parkinson’s syndrome (PS) rather than iPD. This  Patients were recruited from the Movement Disorders
difficulty in differentiating iPD and other diagnoses in Clinics of the Departments of Neurology of the Cleve-
PS can be confusing because the terms seem to be usethnd Clinic Foundation, the University of Arizona Col-
interchangeably. The selection criteria used in this study lege of Medicine, and the University of Kansas Medical
were designed to maximize the probability of iPD and to Center. Control subjects were recruited from friends of
minimize other disorders in PS. We use the term “prob- patients and members of local Parkinson lay organiza-
able iPD” to reflect the lack of independent objective tions. All participants gave written informed consent,
confirmatory data. and the protocol was approval by the institutional re-

Patients with probable iPD were defined as having view boards of the three centers. The protocol was con-
three of the following four symptoms or signs: (1) resting sistent with the Declaration of Helsinki. Participants re-
tremor of 4 to 6 Hz that attenuated with movement; (2) ceived the complete PD Battery at one of the participat-
slowing of movement, the absence of associative move-ing centers.
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Blinded Assessment of the Outcome and variance, thereby decreasing statistical power. Further,
Clinical Prediction selecting the most affected side for the patients with

Patients were selected by the principal investigators Probable iPD would have increased the magnitude of the
(E.B.M. and W.C.K.) before application of the test bat- €ffect, thereby increasing statistical power. However,
tery and therefore, without knowledge of the test battery choosing the most affected side would have required a
results. Further, the scoring of the PD Battery is objec- clinical assessment, which was not how we envisioned
tive and less susceptible to laboratory personnel bias. the PD Battery being used.

Participants were allowed to practice until proficient,
Test Battery Development as evidenced by reaching a plateau in performance. Data

In the present study, rapid wrist flexion and extension from 10 to 20 trials of each of the four tasks (bounded
movements were made to one of two types of targets in and unbounded, flexion and extension) were collected
response to an auditory “go” signal (Fig. 1). Participants and analyzed. The number of trials collected for each
were seated comfortably in front of the instruction panel task differed because the tasks were presented in a ran-
and manipulandum. The range of motion was divided dom order. Repeatedly, during data acquisition, partici-
into seven segments, with the end segments 5° wide andpants were encouraged to react and move as quickly as
the interior segments 12° wide. The instruction panel possible. Participants were also allowed to rest if they
consisted of two rows of seven light-emitting diodes became fatigued.

(LEDs), each corresponding to one of the seven seg-
ments of the range of motion. The top row of LEDs Measurement of Olfactory Function

represented targets, and the bottom row represented cur- Olfactory function was measured with the University

sor LEDs indicating present hand position. of Pennsylvania Smell Identification Test (UPSIT, Sen-

Movements to the end segments were limited by me- ¢ hicq |nc Haddon Heights, NJ). The UPSIT consists of
chanical stops. Movement to these targets constituted the40 standardized, encapsulated odors, one per page. The

bounded tasks. Thus, participants did not have tp stop theparticipant is asked to identify each odor from among
movement carefully, except to prevent bouncing back

out of the target. Movement to the interior targets 2 and
6 required the participants to stop the movement and A

constituted the unbounded tasks. Flexion and extension Torget LEDS

and bounded and unbounded trials were presented in a . A .

random order. Wrist position was monitored at 125 OO0 00000

samples per second. Reaction times and movement ve- 1 2 3 4 5 &

locities (degrees per second) were measured. D 9 9 Q © Q D
Trials began with illuminating an end-target LED (tar- ! v i

get 1 for extension or target 7 for flexion movements). Cursor LEDs

The participant then moved the hand to align the cursor
LED with the target LED. The initial end-target LED
was then extinguished, and a target LED at the opposite
end illuminated, indicating a new target. For bounded
tasks, either target 7 for extension or target 1 for flexion
movements was illuminated. For unbounded tasks, the
next-to-the-end LED (target 6 for extension or target 2
for flexion movements) was illuminated. After a random
time, an auditory “go” signal cued the participant to '“""2;‘;‘:'
make a rapid wrist movement to the final target.

All participants used their dominant hand, even though
the nondominant hand may have been more affected in
the patients with probable iPD. The dominant hand was
selected because we anticipated that motor performance
for the nondominant hand would be slower, and perhaps FIG. 1. (A) Set-up for testing the wrist movement task. Participants
more variable, than the dominant hand, particularly for executed the task by matching the illuminated cursor light-emitting
h | ’b Theref . 'h fd diodes (LEDs) to the illuminated target LEDBY The manipulandum,
F e control su JeCt.S' erefore, mixing the _use or dom- showing the range of motion as well as the bounded targets (1 and 7)
inant and nondominant hands would have increased theand the unbounded targets (2 and 6). See text for full explanation.

mechanical
stop
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four alternatives. The UPSIT is highly reliable, with a each subtest (Pwrist for the wrist subtest, Polf for the
short-term test—retest correlation of 0.9512. Raw scoresolfactory subtest, and Pbdi for the mood subtest). These
consist of the number of correct identifications and were separate probability scores where then used in another
corrected to age- and gender-specific percentile rankslogistic regression analysis, which combined the sub-
according to previous studi&susing the second edition  tests. Pwrist, Polf, and Pbdi constituted the continuous
of the UPSIT manual. independent variables. In a sense, Pwrist, Polf, and Pbdi
are analogous to transformations that result in a type of
Measurement of Mood standard score (for exampla z score) but have the

Mood was measured with the Beck Depression Inven- gqyantage of reducing the number of independent vari-
tory (BDI).?* A number of studies have documented the aples. The category of probable iPD or control was the
reliability and validity of the BDF?*~2° dichotomous dependent variable. This single model re-
sulted in a PD score that indicated the relative probability
of being normal as opposed to having probable iPD. The
three subtests were considered to be independent mea-
sures and, therefore, it is possible that some combination
of these subtests would contribute to increases in both
specificity and sensitivity.

Prospective Application of the PD Test Battery

The combined model producing the PD score may
separate the patients with probable iPD from normal con-
trol subjects because the model was derived from the
performance of those patients and control subjects. De-
ye]opment of regression models does nqt prove 'the V& Wwith respect to the wrist movement subtest, we antic-
lidity of the models beyond the sam@&Validity testing : o

. . I . ipated that the movement velocities would be skewed
requires prospective application of the regression models : . .
) . oward the most rapid velocity as a result of a physi-
to an independent sample. Thus, an independent secongi

. - ological limit to the maximum movement velocity. Con-
sample was studied that met the guidelines for the de- . .
. . sequently, the median movement velocity for each task
velopment of clinical tests described above.

. . for each participant was used in the analysis. Further,
The PD score used as a cut-off for determining speci- . . S
. o . previous studies have shown that reaction times are less
ficity and sensitivity for the prospective study was de-

. . consistently abnormal in iPD and, therefore, only move-
termined from the sample on which the test was devel- » . S , ;
. ment velocities were studied. Each individual's median

oped. The PD score that resulted in the greatest speci- . ) X

e N . movement velocity for each task and the difference in the
ficity and sensitivity in the sample was used in the 2 .

rospective study. However, the choice of the cut-off movement velocities between the flexion bounded and
P ' ’ unbounded and extension bounded and unbounded tasks

score is a subjective decision because of the difficulty of : : : .
g . e o constituted the continuous independent variable for the
weighing the clinical significance of false-positive and logistic regression used to determine Pwrist

false-negative results.

Contributions of Tests to the Logistic RESULTS
Regression Model
The relative contribution of each of the three tests to

the PD score was tested by forward stepwise logistic e tested 18 patients with probable iPD who were
regression. either newly diagnosed and not on medicatior=8) or

were tested after an overnight withdrawal (at least 8 hrs)
Statistical Methods of their medication (n= 10). The mean age of the pa-
The aim of the study was to develop an equation that tients with probable iPD was 64 years (range, 45—79 yrs);
relates performance on each of the subtests to produce anine were women. We also tested 19 normal control
score reflective of the probability of being in the prob- subjects. The mean age of the control subjects was 64
able iPD or control group. Because the outcome of such years (range, 43—77 yrs); 10 were women. These 37 par-
an analysis is a dichotomous variable, logistic regression ticipants constituted the development group. Those pa-
analysis was applied. One difficulty is that the data ob- tients under treatment were selected on the basis of mild
tained for each subtest is very different (movement ve- disease and had a Hoehn and Yahr Scale score of 2 or
locities, age- and gender-percentile scores on the olfac-2.5. No patient had unilateral disease.
tory test, and a weighted summed response to questions The logistic regression analysis resulted in a PD score
of mood). Further, the large number of variables had to for each participant. A PD score of 0.6 was chosen as the
be reduced to allow a reasonable sample size. Conse-cut-off (PD score<0.6 for an abnormal result and >0.6
quently, logistic regression analysis was applied to each for a normal result). This value gave optimal sensitivity
subtest separately, resulting in a probability score for and specificity. This model correctly classified 17 of the

Test Battery Development
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18 patients with probable iPD and 18 of the 19 control the subtests in the prospective study was 10 percentage
subjects. Specificities and sensitivities for the combined points higher than the olfaction subtest. This result is
test battery and the subtests are shown in Table 1. evidence that these subtests evaluate different domains
affected by PD.

i . i We recognize that the symptoms and signs of the pa-
A forward stepwise logistic regression was performed. ents with probable iPD were severe enough to confirm

Pwrist, Polf, and Pbdi constituted the continuous inde- 4 giagnosis, even without the PD score. The test battery
pendent variables. The category of probable iPD or con- 4o\ ejoped on these patients still could be insufficiently

trol was the dichotomous depend%nt variable. The olfac- gengitive to recognize early patients with probable iPD
tlop score (Polf) accounted for 48% of the variance, the whose symptoms and signs were so mild as to make
wrist task (Pwrist) for 26%, and mood (Pbdi) for 9%. diagnosis difficult for the non-expert. However, we se-

Prospective Application of the PD Battery lected newly diagnosed patients with mild disease. Fur-
An additional independent sample of 122 control sub- thermore, if the battery was not successful in distinguish-

jects (mean age, 57 yrs; range, 18-93 yrs; 61 women)?ng control subjects from patients with known probable

and 103 patients with probable iPD (mean age, 69 yrs: iPD, then there would be little reason to proceed further.
’ =In another study, we prospectively studied people with

range, 38-89 yrs; 40 women) were tested. These 225 e ’ or
people constituted the validation group. The PD score POSsible iPD but whose symptoms were insufficient for
diagnosis to determine the predictive value of the PD

was calculated for each participant as described above p

(Fig. 2). A cut-off PD score of 0.6 was used as deter- Battery=" _

mined from the analysis described above. Of 122 control 1€ Sensitivity was low at 69%, which means a large

subjects, 108 had PD scores greater than 0.6, and 71 ofProPortion (31%) of patients with early mild PD were

103 patients with probable iPD had PD scores less than Missed. However, estimating the significance of the 69%
sensitivity is problematic. By comparison, Schoenberg et

or equal to 0.6. Specificities, sensitivities, areas under the o ) P ! >
ROC curves, odds ratios, and chi-square statistics for the@- found that 41% of patients with iPD identified on a
door-to-door survey had not been previously diag-

combined test battery and the subtests are shown in s >
Table 1. nosed?® In a similar survey, Morgante et al. found 35%

undiagnosed? These results mean that, by whatever
DISCUSSION means patients with PD would be diagnosed in these
The regression model combining motor performance, communities (expert vs non-expert physicians), the sen-
olfaction, and depression scores was robust at distin- sitivity would be 59% and 65%, respectively. However,
guishing normal control subjects from patients with mild even this comparison is problematic because these door-
probable iPD. The specificity, the area under the ROC to-door surveys overestimate the frequency of missed
curve, and the odds ratio were best with the combination diagnoses because they did not differentiate between
of subtests compared with any one test alone, such asthose who were undiagnosed simply because they had
olfaction. The sensitivity of the PD Battery combining not sought medical attention from cases of true missed or

Test Contributions to the PD Score

TABLE 1. Characteristics of the test battery for diagnosing probable idiopathic Parkinson’s disease in the development and
validation groups

Development group

Test characteristic Combined test Wrist subtest Olfactory subtest Mood subtest
Specificity (%) 95 89 89.5 79
Sensitivity (%) 94 63 83.5 44
Validation group
Combined test Wrist subtest Olfactory subtest Mood subtest

Specificity (%) 88 78 78 75.4
Sensitivity (%) 69 50 74 55.3
Area under the 0.87 0.67 0.83 0.73

ROC curve
Odds ratio (95% 17.1(8.5-34.3) 3.5(2.0-6.2) 10.1 (5.5-18.0) 3.8(2.2-6.7)

confidence

interval)
Chi-square 76 (df= 1, p <0.001) 17.1 (df= 1, p <0.001) 57.9 (d= 1, p <0.001) 20.9 (df= 1, p <0.001)

Movement Disorders, Vol. 15, No. 3, 2000



472 E. B. MONTGOMERY ET AL.

90%
80%

l
t
{
t
t
{
!
t
t
{
t
!
{
t
|
H
{
l
t
H
{
{
t
t
{
H
i
{
l
{
{
H
H
i
l
t

0% e e e o ] -

B0% - e e e -

50% -~ e e e e ~-/ONC
R --{/mPD

% of Subjects

0 - e —— —

20% |- l---- -] -

10% -~ -] -

|| - e 1 R em |
01 02 03 04 05 06 07 08 09 1

PD Score

FIG. 2. Distribution of test battery scores for patients with probable idiopathic Parkinson’s disease and normal control subjects.
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false diagnoses who were actively under the care of athe diagnosis by a movement disorders specialist is the
physician. de facto “gold standard.” However, the PD Battery could
Sensitivity could be increased by changing the PD be of use as an initial screening test, especially in those
score cut-off value; however, this change would reduce areas in which movement disorders specialists are not
specificity. What is an acceptable sensitivity and speci- readily available. Another use would be if the PD Battery
ficity cannot be determined at this time. Acceptable sen- could anticipate the diagnosis of iPD by a movement
sitivity and specificity ultimately will be determined by disorders specialist at a time when symptoms are insuf-
the cost of treating a falsely diagnosed normal person ficient to warrant the diagnosfs.
versus the cost of not treating a correctly diagnosed pa- Much work remains. As yet it is unclear how comor-
tient with PD. bidities, such as arthritis, cerebral vascular disease, de-
Even if the PD Battery was not helpful in identifying mentia, and so on, would affect test performance. These
extremely mild cases of iPD, it still would be of use by and other issues need to be examined before any test
identifying the large number of patients with clinically battery can be applied to the general population.
significant iPD who are often not diagnosed or in whom
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