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Abstract

Parkinson’s disease (PD) is a common, treatable movement disorder that often remains
undiagnosed despite clinically manifest symptoms. Screening for parkinsonism could lead to
improved detection and earlier treatment, and facilitate research studies of PD prevalence. In order
to determine the feasibility of screening, this study evaluated the validity of previously developed
screening questionnaires. We systematically searched online databases PubMed and EMBASE for
English-language studies published between 1980 and 2009. In each database a “Parkinson(s)
disease” or “parkinsonism” term was combined with a screening term (“screening instrument,”
screening questionnaire,” “screen” or “prevalence survey”) and a validity term (“validation,”
“sensitivity” and “specificity”). Included studies reported the psychometric properties of at least
one self-report questionnaire for parkinsonism. Twenty-seven studies met the inclusion criteria.
From these studies, 9 screening questionnaires were identified. Sensitivity and specificity
estimates varied widely. Sensitivity estimates were as high as 100% when questionnaires were
tested among previously diagnosed PD patients and included a high number of parkinsonism-
specific items, but were as low as 48% when tested among early cases in a community-based
sample. Specificity estimates were lower, ranging from 22-100%. An older sample, presence of
multiple co-morbid conditions and lower literacy led to lower specificity estimates. Higher
specificity estimates were seen when the screening questionnaires were administered by a
physician. Screening questionnaires can detect symptomatic parkinsonism. However, the
performance of these questionnaires varied based on the individual items, study sample, and
method of administration. The performance of screening questionnaires in the detection of early or
mild parkinsonism was modest.
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Introduction

Methods

Parkinsonism is a clinical syndrome that consists of four cardinal signs: bradykinesia,
rigidity, tremor, and postural instability. Parkinson’s disease (PD), the most common cause
of parkinsonism, is the second most prevalent neurodegenerative disease of aging, currently
affecting over 4 million people worldwide, and expected to affect about 9 million people by
the year 2030 [1]. However, individuals with PD may not be aware that they are affected.
Population-based studies of PD prevalence demonstrate that from 12% to 83% of
individuals with clinically manifest PD were previously undiagnosed, that is, they had not
yet received a clinical diagnosis of PD at the time of the study despite presence of motor
symptoms [2-9].

Epidemiologists have developed several screening instruments in an attempt to improve the
detection of PD. An effective screening instrument for parkinsonism can lead to earlier
detection of disease which can, in turn, allow for the initiation of appropriate therapy and
improve health outcomes. Secondly, through the use of screening, we can carry out
prevalence studies to evaluate the burden of neurological disease, especially in developing
countries where access to neurological care may be limited. This will help policymakers
estimate healthcare costs and allocate resources more efficiently. Lastly, screening can help
to identify cases for population-based case-control studies that contribute to understanding
of the genetic and environmental risk factors for PD [10].

To date, there has been no systematic comparison of the performance of existing
parkinsonism screening questionnaires. It is unclear which screening methods are
appropriate for different settings. Researchers have recommended a two-step screening
process to identify prevalent cases of parkinsonism, that is, a screening questionnaire to
identify potential cases followed by confirmatory neurological examination [11]. However,
there are inherent limitations to this approach [12]. Some of these limitations are related to
the quality of the screening instrument used. A high false negative rate will lead to
underestimation of prevalence and concomitant misallocation of resources. A high false
positive rate will increase the burden of follow-up neurological exams needed, will increase
study time and costs, and can worsen a patient’s anxiety.

The goals of this systematic review were to provide a comprehensive overview of
parkinsonism screening questionnaires and to evaluate the performance of these
questionnaires in the detection of parkinsonism.

Search strategy

To identify relevant studies, we systematically searched online databases PubMed (Medline)
and EMBASE for English-language articles published between January 1980 and December
2009. A manual search of the references lists from relevant retrieved articles was also
completed. In each database, a “Parkinson(s) disease” or “parkinsonism” term was
combined with a screening term (“screening instrument,” “screening questionnaire,”
“screen,” “screening,” or “prevalence survey”) and a validity term (“validity,” “validation,”
“sensitivity,” or “specificity”). After excluding duplicates, this search yielded 1587 articles.
The titles and abstracts (or full articles if the titles and abstracts provided insufficient
information) were then reviewed by authors ND and AA for possible inclusion. Peer-
reviewed abstracts presented at national meetings were also included if they met the
inclusion criteria described below.

LU
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Study Inclusion Criteria

Studies were selected if they met the following inclusion criteria: 1) English language, and
2) Reported both sensitivity and specificity estimates of a screening instrument that: a)
assessed self-reported symptoms through a questionnaire, and b) intended to detect
parkinsonism.

Data extraction

Analysis

Results

Abstracted data included the publication date, study setting, sample size, screening
questionnaire components, method of screening questionnaire administration, sensitivity and
specificity, criteria for parkinsonism, method of gold standard evaluation and any noted
limitations or comments.

Performance of each screening questionnaire was assessed both quantitatively through the
reported sensitivity and specificity estimates, and qualitatively based on study methodology
and limitations.

Twenty-seven articles were identified that reported the sensitivity and specificity of
parkinsonism screening questionnaires (Figure). A total of 9 different parkinsonism
screening questionnaires were evaluated in these articles (Table 1).

Comprehensive screening questionnaires

The World Health Organization (WHO) developed the first protocol to test for neurological
disorders [13]. This screening protocol aimed to identify a broad range of neurological
disorders including parkinsonism, stroke, epilepsy, peripheral neuropathy, and headache.
The screen included two items, not specific for parkinsonism, that asked about
uncontrollable shaking and the inability to walk, and also items that assessed postural
tremor, heel-toe walk, finger-nose-finger, and picking up a matchstick off the ground.
Prevalence studies conducted in Nigeria [14], India [15], Spain [16], Saudi Arabia [17] and
China[18] have utilized this screening protocol to identify potential parkinsonism cases, and
then to perform clinical examinations of all those who screened positive. Some of these
published studies report the sensitivity and specificity of the screen from pilot testing among
previously diagnosed cases [11, 16, 17, 19]. However, details on the methods of these pilot
tests, including diagnostic or gold standard criteria for parkinsonism and characteristics of
the sample tested, are minimal. Furthermore, the reported sensitivity and specificity are not
specific for the detection of parkinsonism, but pool all neurological conditions. Among these
studies using the WHO screen, sensitivity estimates ranged from 93% to 100% (not specific
for parkinsonism) and specificity estimates ranged from 78% to 89%.

Modified versions of the original WHO protocol have also been developed and tested [20—
24]. With the addition of items related to difficulty using utensils/buttoning and unusual
movements, as well as revised items that specifically asked about the presence of tremor,
need for assistive devices with walking and falls, and assessment of finger tapping and four
meter gait assessment, the overall sensitivity of the instrument improved from 98% to 100%
(not specific for parkinsonism), and specificity improved from 29% to 61% [23]. However,
Bergareche, et al [22] report that the 95% confidence interval for the sensitivity estimate,
specific for parkinsonism, of their modified WHO screening questionnaire was wide (52%-—
100%) given the low number of detected cases. The National Institute of Mental Health and
Neurosciences in India developed a modified WHO screening protocol that included two
additional questions about changes in handwriting and abnormal postures to detect
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movement disorders [20]. Sensitivity and specificity was reported as 84% (not specific for
parkinsonism) and 99.9%, respectively. Specificity for these modified WHO screening
questionnaires ranged from 26% to 99.9%, and sensitivity ranged from 84% to 100% (not
specific for parkinsonism).

There have been other comprehensive screening protocols developed to detect a wide range
of health conditions that include parkinsonism. Anderson, et al [25, 26] described one
comprehensive screening protocol to identify epilepsy, febrile seizures, stroke/transient
ischemic attack and parkinsonism. Within the larger prevalence study, the authors report that
a pilot test of the screening questionnaire among 24 cases of parkinsonism and 20 controls
showed an estimated sensitivity to detect parkinsonism of 100% and a specificity of 80%
[26]. However, they did not report how parkinsonism was defined. Another comprehensive
screening protocol to detect parkinsonism, cardiovascular disease, diabetes, stroke, thyroid
disease and neuropathy was designed and conducted by the Italian Longitudinal Study on
Aging [27]. This screening protocol included an interview, nurse visit, and physician
examination. Sensitivity with the inclusion of the physician examination was reported as 85—
95% (not specific for parkinsonism) and specificity 90-100% [28]. Lastly, an instrument
designed to detect parkinsonism, stroke and epilepsy was developed by Chang, et al [29].
This included 3 items that asked about prior symptoms, 3 items about prior diagnoses and 7
items that assessed physical function. When evaluating only the 3 items that asked about
prior symptoms, the sensitivity to detect parkinsonism was 67%.

Table 2 provides of summary of these comprehensive screening questionnaires.

Parkinsonism-specific screening questionnaires

Subsequent screening instruments specifically designed to detect parkinsonism have been
developed. Of these, the most commonly tested and used is the 9-item screening
questionnaire developed by Tanner and colleagues in 1990 [30], and subsequently validated
in a larger community sample [31]. Questions ask about difficulty getting out of a chair,
tremor, difficulty buttoning, smaller handwriting, softer voice, change in facial expression,
lack of balance, “freezing”, and shuffling gait. It has been translated from English and tested
in multiple other languages including Spanish [32], German [33], Italian [33], Kannada
(India) [34], and Portugese [35]. The screening questionnaire has been tested in clinic (Table
3) and community-based samples (Table 4). It can be used as a self-administered
questionnaire or administered by a trained interviewer or physician. Performance of this
screening questionnaire ranges widely with sensitivity estimates ranging from 48% to 100%
and specificity estimates ranging from 29% to 100%. The variation can largely be explained
by different study sample characteristics (discussed below).

Other screening questionnaires to identify parkinsonism have had variable accuracy. Mutch,
et al [36] developed an 8-item screening questionnaire specific for parkinsonism. They
found that the inclusion of two items that inquired about the presence of tremor and
shuffling gait had a sensitivity of 91% and specificity of 92% when tested among a clinic-
based sample of previously diagnosed cases of PD (Table 3). When this same screening
questionnaire was subsequently tested among a community-based sample that included
previously undiagnosed cases, the sensitivity decreased slightly to 87%, and the specificity
dropped to 28% [37] (Table 4).

Nicoletti, et al [38] also developed a screening questionnaire to detect parkinsonism that
included 4 items to assess symptoms and 5 physical tasks. This screening questionnaire,
only tested once among a clinic-based sample of previously diagnosed PD and essential
tremor cases and normal controls, demonstrated a sensitivity of 100% and specificity of
90%. Ishihara, et al [39] tested the performance of 6 items that assessed for symptoms of
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parkinsonism. This study used self-reported PD and medical records to establish a diagnosis
of PD. Using any positive response as an indicator of a positive test, the screening
questionnaire had a sensitivity of 96% and specificity of 56%. Exclusion of an item related
to slower walking increased specificity to 76%, but decreased sensitivity slightly to 91%. All
parkinsonism-specific screening questionnaires that were tested among a sample of
previously diagnosed cases of PD are summarized in Table 3.

Table 4 summarizes the studies that evaluated the performance of parkinsonism screening
questionnaires among a sample that included previously undiagnosed PD cases. This
includes only three of the nine screening questionnaires identified in the review [30, 36, 40].
Both sensitivity and specificity estimates were, on average, lower than equivalent estimates
for screening questionnaires tested among previously diagnosed cases.

Item Characteristics

One of the important characteristics that affected the sensitivity and specificity of the
screening questionnaires was the number and content of items intended to detect symptoms
of parkinsonism.

When only 3 items, not specific to parkinsonism, were included in a screening questionnaire
sensitivity was moderate at 67% [29]. On the other hand, Chan, et al [40] tested a screening
questionnaire with 11 parkinsonism-specific items, the most of any screen tested, and had a
sensitivity of 100% in a sample of both previously diagnosed and undiagnosed PD cases. It
is expected that increasing the item number will identify more cases of disease. However,
specificity was low at 45% for this screening questionnaire, which will decrease its positive
predictive value and utility.

Moreover, several of these screening questionnaires included between 5 and 16 physical
assessments (e.g. checking for tone at elbow, evaluating gait) in addition to items that
assessed for symptoms [13, 21, 23, 27, 29, 38]. These physical assessments were performed
by both physician and non-medical examiners. Sensitivity for these screening questionnaires
was high (98-100%). Specificity estimates for these screening questionnaires ranged from
58-90%. However, these screening questionnaires were all tested among individuals with
previously diagnosed Parkinson’s disease which is easier to detect.

Sample Characteristics

The characteristics of the sample chosen for testing of the screening questionnaires also
contributed to how well they performed. This was best illustrated by the 11 studies that
evaluated the Tanner screen in multiple settings and demonstrated a wide range of
sensitivities and specificities [30-35, 37, 41-44]. When the sample tested included only
cases of previously diagnosed PD, sensitivity estimates were higher, ranging from 90-100%
[30, 32-34, 37, 41, 43]. The three studies of community-based samples that included
previously undiagnosed cases had lower sensitivity estimates of 48%, 61% and 75% [31, 34,
42]. Undiagnosed PD cases in the community are expected to be milder and at earlier PD
stages which is harder to detect. Three other studies tested the Tanner screen in a
community-based sample. However, these were limited by the fact that not all participants
were examined to verify the diagnosis, which could falsely elevate sensitivity estimates [35,
37, 44]; most (72-94%) who screened positive were examined, but only between 5-42% of
those who screened negative were examined. The inclusion of patients with moderate to
advanced disease also resulted in higher sensitivity estimates than when only patients with
mild disease were included [32].

When tested among people with co-morbid conditions, particularly other movement
disorders or motor deficits, specificity estimates were low to moderate at 37, 58 and 78%
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[29, 30, 43]. Specificity was also lower in an older sample [33] and with lower literacy [34].
Specificity of the screening questionnaires was lowest when tested among a community
sample, with four studies reporting specificity estimates less than 50% [34, 35, 37, 40].
However, three additional studies that were done among a community sample found
specificities slightly higher at 63, 81 and 84% [31, 42, 44].

Administration of screening questionnaire

Lastly, the methods of screening questionnaire administration affected performance. Studies
where a physician administered the screening questionnaire had comparatively higher
sensitivities and specificities regardless of the screening questionnaire used [21, 28, 34].
Furthermore, one study showed that a general practitioner’s overall impression of PD
demonstrated higher sensitivity and specificity than a screening questionnaire [44].

Discussion

Over the past 30 years, researchers have employed 9 different screening questionnaires to
detect parkinsonism. The performance of these screening questionnaires varied based on the
item characteristics of the questionnaire, the sample chosen to test the questionnaires, and
method of questionnaire administration. There are several methodological considerations of
these validation studies that will be discussed including the definition of a gold standard for
parkinsonism diagnosis, adequacy of sample size and response bias.

The purpose of the screening questionnaires is to identify patients who would be clinically
diagnosed with parkinsonism. Almost all studies (96%) used a clinical diagnosis based on
physician examination, either at the time of study entry or through review of medical
records, as the gold standard for parkinsonism diagnosis. However, it should be noted that
the sensitivity of physician diagnosis for PD is not 100%. Among a group of movement
disorder specialists who have followed patients for a number of years with the ability to
revise their initial diagnosis, the sensitivity of a clinical diagnosis compared to pathological
confirmation was 91% [45]. When less strict clinical criteria are used for diagnosis
(presence of cardinal features without review of exclusionary criteria or supportive features),
sensitivity is lower (76%) [46]. An imperfect gold standard can lead to either under or over-
estimates of the performance of the screening questionnaire [47].

The majority of studies in this review (17/26) used the presence of 2 of 4 cardinal signs as
the clinical criterion for the gold standard diagnosis of parkinsonism. Of these studies, 3
specified that one of the cardinal signs must be bradykinesia. Another 6 studies required
additional supportive criteria (exclusionary or inclusionary). The remaining 9 studies did not
specify the parkinsonism criteria that were used.

The ideal gold standard for screening studies of parkinsonism depends on the study’s intent.
Although broad definitions for parkinsonism may include individuals with atypical
parkinsonism or secondary parkinsonism, researchers have argued that for community-based
cross-sectional PD studies the presence of at least two of resting tremor, bradykinesia or
rigidity should be used as the case definition to capture mild and early cases of PD [48].

Another methodological concern is sample size. An adequate number of parkinsonism cases
is necessary to provide precise estimates of sensitivity; this may be a particular challenge in
community studies where the frequency of parkinsonism is low [27]. However, few reports
specified the rationale for the sample size selected, and only four (14%) indicated the 95%
confidence interval for the sensitivity estimates [22, 23, 37, 38]. Finally, bias due to non-
response may have affected the results. In general, response rates were high (70-95%).
However, some studies, particularly those that were not clinic-based, reported response rates
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of 46-64% [34, 37, 39]. If the characteristics of the non-responders were very different from
responders, the calculated sensitivity and specificity may not be accurate estimates.

The number of studies that report very high sensitivity estimates of their respective
screening questionnaires is high — 14 of 27 report sensitivities of 100%. These estimates
need to be interpreted in the context of the above limitations. Twelve of these studies tested
the screening questionnaire among previously diagnosed PD which will be easier to detect
given the subjects’ knowledge of PD and associated symptoms. The remaining two studies,
although tested among community-based samples, were limited due to the lack of
examination of all negative cases [35] and lack of report of the 95% confidence interval for
the sensitivity estimates [35, 40].

This systematic review has some limitations to consider. First, only English-language
studies were included in the review. Also, as in any review of the medical literature, there is
the potential for publication bias. That is, studies with low sensitivity or specificity estimates
of new or previously developed screening instruments may not have been published; thus,
the results from published studies may not adequately represent the results of all studies
done on a particular instrument. Additionally, many of the screening questionnaires were
only tested in one sample making interpretation of the results more difficult. While three of
the included studies were only presented in abstract form [30, 31, 43], these studies reported
the performance of a screening questionnaire developed by Tanner and colleagues that was
also assessed in eight other published reports with similar findings.

In summary, several questionnaire-based screens have been developed and tested to identify
parkinsonism. These screening questionnaires had high sensitivity when more parkinsonism-
specific items and physical tasks were included, when administered by a physician, and
when tested among older, more advanced and previously diagnosed PD subjects. These
screens had high specificity when administered by a physician, and among individuals with
few co-morbid conditions. However, in the detection of early parkinsonism, sensitivity
estimates were moderate and specificity estimates were low. Given the overall low pre-test
probability of PD, a moderate to low specificity will lead to a low positive predictive value
for the test making it less useful for population-based studies. Unfortunately, identification
of early cases is often the primary goal of population screening.

The combination of a screening questionnaire with an additional test may augment screening
performance. For example, video-taped examinations based on the Unified Parkinson’s
Disease Rating Scale reviewed and scored later by neurologists is an additional method to
assess for parkinsonism in large-scale population-based or field studies at reduced cost, time
and travel (of the neurologist) compared to traditional in-person examinations [49-51].
Advanced neuroimaging (Single Photon Emission Computed Tomography and Positron
Emission Tomography), genetic testing, and screening for non-motor symptoms associated
with early PD (e.g. olfactory dysfunction, Rapid Eye Movement sleep behavior disorder) are
additional tests that could aid in the detection of early PD although these enhancements
would add cost [52].

While direct comparisons of the published parkinsonism screening questionnaires are not
possible given the variability in study designs, study samples, parkinsonism criteria used and
method of gold standard evaluation, based on the available data we make some conclusions.
There were three screening questionnaires [30, 36, 40] that have been tested in high quality
studies where the samples included both previously diagnosed and undiagnosed
parkinsonism, the authors clearly defined the criteria for parkinsonism and neurologists
performed the gold standard evaluation. They all demonstrated moderate to high sensitivity,
but low to moderate specificity in the detection of parkinsonism. Ultimately, the decision on
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the best method to screen for parkinsonism will depend on the target populations, goals of
the study and resources available.
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