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Abstract

Introduction—Mild parkinsonian signs (MPS) are associated with morbidity. Identification of
MPS progression markers may be vital for preventive management, yet has not been pursued. This
study aimed to ascertain clinical/neuroimaging features predictive of MPS progression.

Methods—205 participants in the Health ABC Study were included. MPS was defined using
published guidelines. MPS progression was evaluated by determining UPDRS-111 change between
baseline and follow-up >2 years later. Standard brain MRI and DTI were obtained at baseline.
Correlation coefficients between demographics, vascular risk factors, imaging markers, and
UPDRS-I111 change were adjusted for follow-up time. Linear regression was used to adjust for
possible confounders in the relationship between imaging markers and MPS progression.

Results—30% of participants had baseline MPS. Demographics and risk factors did not differ
significantly between participants with MPS (MPS+) and without MPS (MPS-). Mean follow-up
time was 3.8+0.8 years. Older age, male gender, diabetes were associated with faster rate of
UPDRS-I111 change in MPS- but not MPS+ participants. Among MPS- participants, the only
imaging marker associated with faster UPDRS-I11 progression was higher gray matter mean
diffusivity (MD), widespread in various cortico-subcortical bihemispheric regions, independent of
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age, gender, diabetes. No imaging features were associated with UPDRS-I1l change among MPS+
participants.

Conclusions—Lower gray matter integrity predicted MPS progression in those who did not
have baseline MPS. Microstructural imaging may capture early changes related to MPS
development, prior to macrostructural change. Any future management promoting gray matter
preservation may inhibit MPS development.

Keywords

diffusion tensor imaging; mild parkinsonian signs; mild parkinsonism; parkinsonian-like signs;
Parkinson’s disease

Introduction

Mild parkinsonian signs (MPS), also known as “parkinsonian-like signs” or “mild
parkinsonism,” are very common among elderly individuals and include bradykinesia,
rigidity, tremor, and gait disturbance. Estimates of MPS prevalence range from 30% to 40%,
with higher prevalence in older age [1]. However, MPS are not benign and are associated
with an increased risk of dementia [1], depression [2], disability [3], and mortality [4]. The
relationship between MPS and Parkinson’s disease (PD) requires further investigation.
While individuals with MPS are likely at higher risk for PD [5] [6], such that these signs
represent prodromal disease in certain cases, they are not necessarily sensitive or specific for
a future diagnosis [5].

Neuropathologic correlates of MPS have previously been evaluated. There appear to be
complex contributions from cerebral microvascular disease [7], age-related degeneration of
the nigrostriatal pathway [8], and other subclinical neurodegenerative processes such as
Alzheimer’s-type pathology [9]. However, while clinical factors such as hyposmia [10] and
cardiovascular disease [11] have been associated with MPS progression, structural brain
changes that contribute to progression have not been evaluated. Elucidation of such changes
may provide a better understanding of the mechanisms underlying MPS and may be
important for preventive management.

Since conventional T1- and T,-weighted MRI techniques have suggested distinct
macrostructural changes associated with parkinsonian signs including bradykinesia and gait
disturbance [12], these imaging modalities may provide biomarkers for MPS progression.
However, information provided by these techniques is limited; diffusion tensor imaging
(DTI) may additionally reveal an association between microstructural tissue damage and
change in MPS. Our goal was to determine the relationship between neuroimaging markers
and MPS progression, as well as between other clinical characteristics and MPS progression,
over at least a 2-year time-frame.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2021 June 01.
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Materials and Methods

Study Population

All participants were part of the Health, Aging, and Body Composition (Health ABC)
ancillary study Healthy Brain Project (HBP), which was approved by the University of
Pittsburgh Institutional Review Board. Inclusion criteria included ability to walk without an
assistive device, ability to complete a 6-meter walk test, and eligibility to obtain a brain
MRI. Written informed consent was obtained from all participants.

Of 1527 participants enrolled in Health ABC between 1996 and 1997 at the Pittsburgh site,
819 were alive and eligible for the ancillary study between 2006 and 2008. Of those, 315
met eligibility for an MRI at 3 Tesla (3T MRI), while 205 had complete Unified Parkinson’s
Disease Rating Scale (UPDRS) data both at baseline and at a second time-point at least 2
years after baseline, were not taking any medications that induce or inhibit parkinsonism,
and did not have a diagnosis of PD or other neurologic disease at baseline or follow-up. A
flowchart detailing inclusion/exclusion of participants is shown in Figure 1.

Measurement of MPS

The complete Unified Parkinson’s Disease Rating Scale Part 111 (UPDRS-111) was used to
identify bradykinesia, rigidity, tremor, and gait disturbance. MPS was considered present if
an individual met the following minimum criteria on the UPDRS-I11 score based on protocol
by Louis et al [1]: (1) 2 or more items with a score of 1, (2) 1 item with a score of 2 or more,
or (3) a rest tremor score of 1. This protocol was applied both at baseline and follow-up in
each participant to determine presence or absence of MPS. The total UPDRS-I11 score was
used to quantify the severity of parkinsonian signs. MPS progression was measured as the
change in UPDRS-I111 score between 2 time points over change in time (in years) using
scores from baseline and a follow-up visit at least 2 years after the baseline visit (follow-up
visits were performed annually). If a patient had multiple visits after 2 years, we used the
most recent follow-up date with available UPDRS-111 data to assess for MPS change.
Therefore, only 1 follow-up visit was used to evaluate UPDRS-III progression since the
baseline visit.

UPDRS-I111 subdomain scores were also calculated for participants at baseline and follow-up
using the following criteria: bradykinesia score=sum of scores for UPDRS items 23-26, 31
(bradykinesia of arms/legs, body bradykinesia), rigidity score=sum of scores for UPDRS
item 22 (rigidity of neck/arms/legs), tremor score=sum of scores for UPDRS items 20 and
21 (rest tremor of face/arms/legs, action tremor of arms), gait disturbance score=sum of
scores for UPDRS items 28-30 (posture, gait, postural stability). Subdomain score
progression was measured as the difference between the follow-up and baseline scores
divided by time in years between the 2 visits.

Population Characteristics

Participants’ age, gender, race, and education level were included. Cardiovascular disease
and its risk factors (cholesterol, diabetes, hypertension, smoking history) were determined
from participant interview and confirmed by medical record. Body mass index (BMI) was

Parkinsonism Relat Disord. Author manuscript; available in PMC 2021 June 01.
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calculated. All participants underwent the modified mini-mental status exam (3MS) [13].
Muscle strength was quantified by isokinetic dynamometer (Kincom) with peak torque as a
summary measure.

MRI Techniques

Acquisition and processing protocols have been published [14]. Gray matter, white matter,
and cerebrospinal fluid were segmented on skull-stripped T1-weighted images in native
anatomical space [15], and volumes were estimated by summing voxels classified as these
tissue types. Total intracranial volume was computed as the volume inside the inner skull.
The total gray matter volume (GMv) was adjusted for total intracranial volume, thereby
representing a measure of gray matter atrophy. White matter hyperintensity volume
(WMHV) was obtained from T,-weighted fluid-attenuated inversion recovery images using
an automated region-growing method [16] and the Johns Hopkins University Atlas [17], and
normalized by brain volume. The fractional anisotropy (FA), which indicates the degree to
which water molecule diffusion is unidirectional and is a marker of tract integrity, was
measured in normal-appearing white matter. The mean diffusivity (MD), which indicates the
magnitude of water molecule motion and is a marker of structural damage, was measured in
gray matter. A neuroradiologist examined each MRI for abnormalities. Regions-of-interest
were labeled using previously-published methods [18], and specific regions were chosen for
analysis (see below under Statistical Analysis) based on findings of prior publications
correlating particular anatomic brain regions with gait impairment in subjects with PD [19],
subjects with small vessel disease [20], and community-dwelling older adults [12, 21].

Statistical Analysis

Results

Pearson or Spearman correlations were used as appropriate to evaluate relationships between
population characteristics, risk factors, imaging markers, and annualized UPDRS-I11 score
change adjusted for follow-up time. Once an association between MPS and neuroimaging
abnormalities was discovered, analysis was repeated after stratifying for presence of baseline
MPS. Stepwise linear regression was used to adjust for possible confounders in the
relationship between MPS progression and imaging measures. Coefficients were adjusted for
demographics and for variables bivariately associated with UPDRS-111 change either in the
full cohort or an MPS subgroup. In order to further evaluate the relationship between MPS
progression and neuroimaging abnormalities, stepwise linear regression was repeated by
region-of-interest adjusted for demographics and covariates. SPSS version 22.0 was used
(IBM-SPSS Inc, Chicago, IL).

Cohort characteristics are summarized in Table 1. In this sample of 205 participants, MPS
were present (MPS+) in 62 participants (30%) at the time of baseline testing. The overall
mean age at time of MRI was 82.7+2.6 years, and it did not differ significantly between
MPS+ and MPS- participants. Other demographic features were also similar between the 2
groups. Risk factor rates including those for cardiovascular disease, diabetes, hypertension,
and smoking status were not significantly different, nor were quadriceps strength or 3MS
scores.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2021 June 01.
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The mean UPDRS-I1I score at baseline for the entire cohort was 1.5+2.8. Mean follow-up
time was 3.8+0.8 years for the entire cohort. The mean rate of UPDRS-III change was
0.6+1.0 points per year for a mean total of 2.29 points from baseline to follow-up, and this
change was significantly higher in the MPS— group compared to the MPS+ group. Baseline
bradykinesia, rigidity, tremor, gait disturbance scores for the full cohort were 0.83+2.03,
0.05+0.50, 0.14+0.50, 0.24+0.70, respectively. Mean rates of bradykinesia, rigidity, tremor,
gait disturbance change were 0.01+0.67, 0.05+0.27, 0.25+0.49, 0.12+0.38 points per year,
respectively. While 205 participants had a 3T MRI brain, only 185 had DTI (FA and MD)
performed. As indicated in Table 1, the proportions of participants with and without MPS in
this cohort were similar to those seen in the full cohort. On baseline MRI, MPS- participants
had higher GMv and FA than MPS+ participants.

Bivariate analyses for the full cohort as well as each MPS subgroup are shown in Table 2. In
the full cohort, older age, male gender, and lower baseline UPDRS-111 score were
significantly associated with a higher increase in UPDRS-I11 score during follow-up. Male
gender and presence of diabetes were associated with faster increase in UPDRS-I11 within
the MPS- group but not the MPS+ group. Other factors related to cardiovascular disease,
including total cholesterol, high density lipoprotein, and systolic blood pressure, were not
significantly associated with UPDRS-I11 change in the full cohort (data not shown).
Conversely, lower muscle strength was associated with faster increase in UPDRS-111 within
the MPS+ group but not the MPS— group. Lower baseline UPDRS-I11 was correlated with a
greater change in UPDRS-11I score in the full cohort and MPS+ group. Figure 2 shows that
average change in UPDRS score was greater for MPS- participants compared to MPS+
participants, and even larger for males compared to females. As shown in Supplementary
Figure, while nearly all MPS- participants’ UPDRS-III scores worsened or remained
unchanged at follow-up, the UPDRS-111 score for a portion of MPS+ participants improved,;
73 MPS- participants met criteria for MPS at follow-up, while 14 MPS+ participants no
longer met criteria.

As shown in Table 2, lower GMv and higher MD were significantly associated with faster
rate of UPDRS-1II increase in the full cohort, while WMHv and FA were not. Stratification
by baseline MPS status revealed the imaging findings were significant in the MPS- group
but not the MPS+ group. Also shown in Table 2, a significant association between MD and
UPDRS-I11 progression remained when adjusted for age, gender, and diabetes status in the
MPS- group, while the association between GMv and UPDRS-I111 progression did not
remain significant. The adjusted association with MD was driven by several brain regions,
included in Supplementary Table. Standardized coefficients >0.30 were seen for the bilateral
precentral gyri, right superior frontal gyrus, right middle frontal gyrus, left supplementary
motor area, and left inferior parietal gyrus. A significant negative association was seen for
the left putamen.

Discussion

In this study, lower gray matter integrity as measured by lower GMv and higher MD
predicted progression of parkinsonian signs, particularly among those without MPS at
baseline. The role of gray matter integrity in relation to MPS severity has been suggested by
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a previous Health ABC cohort study, which showed that bradykinesia and gait disturbance
have non-overlapping spatial distributions of focal gray matter atrophy [12]. However, while
the association of UPDRS-I11 change with MD was robust to adjustment for covariates, the
association with GMv was not. This suggests that lower gray matter integrity at the
microstructural as opposed to macrostructural level is a more sensitive marker for MPS
development, likely because it reflects earlier change in brain structure.

The association between neuroimaging markers of gray matter integrity and MPS
progression was present only for those participants who were free of MPS at baseline. As
shown in Supplementary Figure, a significant portion of UPDRS-III scores in the MPS+
group actually improved at follow-up, likely contributing to the lack of observed association
in this group. This may have been due to subjectivity in the rating scale, so that it is easier to
accurately distinguish absence from presence of parkinsonism (as in the MPS- group at
baseline compared to follow-up) compared to subsequent small changes in parkinsonism
severity. MPS may also be reversible in certain individuals, possibly due to neural plasticity
[11]. A ceiling effect could have also contributed to UPDRS-III change in the MPS+ group,
in that the progression of parkinsonian signs secondary to structural degeneration occurs at a
faster rate earlier rather than later after the initial development of such signs. This rationale
is supported by the fact that lower baseline UPDRS-III in the full cohort and MPS+ group is
associated with a higher rate of UPDRS-I11 change, as shown in Table 2. This would parallel
the clinical course of PD; in a cohort of PD patients evaluated over a 5-year time-frame, the
steepest change in Movement Disorders Society UPDRS occurred within the first year [22].
Such a ceiling effect could have been compounded by the fact that participants who went on
to develop PD and/or were started on medications for parkinsonism were excluded, as well
as by the fact that many individuals with worsening parkinsonism who had MPS to begin
with may not have returned for follow-up at all.

Our region-of-interest analyses suggest that the association between MD and UPDRS-III
progression in MPS— participants has a selective spatial distribution. Involved areas included
bihemispheric prefrontal regions, suggesting that increasing deficits in executive function
and attention may be associated with progressive motor and gait impairment; this is
consistent with what has been described in subjects with small vessel disease cross-
sectionally [20]. Of note, in our prior study of community-dwelling older adults a correlation
was only observed in the left hemisphere [21]. While the left prefrontal cortex has a well-
established role in executive control [21], which in turn may play a role in mobility [23],
lesions of the right prefrontal cortex have also been associated with poor planning [24]. We
also found significant associations with bilateral supplementary motor areas, pre- and
postcentral gyri, inferior parietal areas, and left thalamus. Consistent with prior research
[25], this suggests that both motor and somatosensory networks play an important role in
functional control of movement. Interestingly, among basal ganglia structures, no areas were
positively associated with UPDRS-I11 change, while left putamen MD was negatively
correlated with such change. A possible explanation is a floor effect, whereby a more rapid
rate of neuronal cell death is seen earlier on simply due to greater volume, correlating with a
more rapid progression of parkinsonism.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2021 June 01.
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UPDRS-111 scores also worsened more rapidly in older males and diabetics who at baseline
did not have MPS. While we have previously shown that diabetes is associated with worse
MD [26], the present study suggests that the relationship between MD and UPDRS-III
change is independent of diabetes, as discussed above. Alternatively, since the relationship
between GMv and parkinsonism progression did not remain significant after adjustment for
age, gender, and diabetes, it is possible that such characteristics drive macrostructural rather
than microstructural gray matter change more robustly. Risk factor modification to preserve
gray matter integrity in aging adults may help to prevent MPS progression and associated
morbidity. Of note, while one prior study found an association between cardiovascular
disease and MPS development in MPS— participants [11], this was not observed in ours.
This may be due to differing sensitivity of the criteria used to define MPS in the prior study,
since the authors classified MPS as present if a participant scored =1 on =1 of 7 UPDRS-III
items [11].

A significant strength of the study includes the evaluation of longitudinal UPDRS data, as
most studies on MPS are limited by their cross-sectional nature. Furthermore, the inclusion
of DTI measures as markers of microstructural integrity complemented standard MRI
techniques. To our knowledge, only one other study has investigated DTI in MPS, which
demonstrated a higher risk in subjects whose imaging showed severe loss of microstructural
integrity within white matter lesions regardless of overall white matter lesion volume [7].
Notably, this study did not investigate gray matter changes. Lastly, while our study
incorporated the same diagnostic protocol proposed by Louis et al [1], the entire UPDRS-III
was used to evaluate participants instead of the abbreviated 10-item version that has been
utilized previously [1]. Therefore, our study may have benefited from greater sensitivity in
identifying MPS compared to prior ones.

There are several limitations of this study that may have impacted the results. First,
individuals were recruited on a volunteer basis and were required to follow up at least 11
years after initial enrollment in Health ABC, which may have attracted a healthier cohort on
average compared to the actual community-dwelling population. MRI ineligibility as well as
other MRI criteria may have further excluded less healthy adults. This may have fostered
selection against MPS+ participants; in prior studies, they have been older and have had
more vascular risk factors compared to MPS— participants [4, 27], whereas in our study
there were no significant differences in these characteristics between the 2 groups. Second,
while the rater was trained in UPDRS evaluation, it is possible that assessment by a clinician
with specialized movement disorders training would have led to more accurate results, and
potentially the elucidation of a significant association between imaging features and
progression in MPS+ participants in addition to MPS— participants. Third, it is possible that
our sample size was too small to detect a significant association between UPDRS-111 change
and white matter abnormalities. The fact that MPS progression was not associated with
white matter disease is consistent with some studies but not with others. In the wider body of
literature on mobility limitations in the elderly, associations of mobility with both white
matter changes [28, 29] and gray matter changes [20, 21, 25] have been reported. Fourth,
many participants were lost to follow-up, resulting in the relatively small sample size in this
study and a potential survivor effect. Fourth, it should also be noted that our cohort may
have included participants with prodromal or undiagnosed PD. However, this would be
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unlikely to significantly influence outcomes, given that the prevalence of PD is estimated to
be about 2% in the population over age 80 [30]. Fifth, while participants with neurologic
disease were excluded, we did not assess for presence of musculoskeletal disease, which
may have confounded the evaluation for motor parkinsonism. Lastly, while this study found
associations between structural brain changes and subsequent parkinsonism development,
follow-up imaging was not assessed. Therefore, we did not evaluate for a correlation
between progressive neurodegeneration at either the macrostructural or microstructural level
and progressive parkinsonism.

In summary, lower gray matter integrity, especially at the microstructural level, may be an
important prognostic biomarker for the development of MPS, which has been associated
with increased morbidity and mortality in the elderly. Future studies with larger sample sizes
are needed to further explore the associations we found. As gray matter loss appears to be
linked to MPS development, any future management linked to gray matter preservation may
have a role in prevention of MPS and its associated morbidity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. Several risk factors are associated with faster UPDRS-I1I change in MPS—
subjects

. MD is independently associated with faster UPDRS-I1I change in MPS—
subjects

. Microstructural imaging may capture early changes related to MPS
development

. Interventions targeting gray matter integrity may reduce MPS development
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819 total participants.

504 participants did not meet MRI requirements.
169 walked with a cane and/or did not have baseline performance measures.
145 declined.
99 were ineligible for an MRI.
64 had a hospitalization for a major clinical event in the prior 3 months.
17 became too ill, passed away, or changed their decision.
10 received a 1.5T MRI brain.

315 participants obtained a 3T MRI brain.

110 participants excluded because they did not have a complete UPDRS-III at baseline
and/or follow-up 22 years later, were taking a medication that induces or inhibits
parkinsonism, or had a neurologic diagnosis at baseline and/or follow-up.

205 participants included.

Figure 1. Inclusion/Exclusion of Study Participants
Abbreviations: UPDRS-111=Unified Parkinson’s Disease Rating Scale Part I1I.
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Figure 2. Change in UPDRS-I11 Stratified by Absence/Presence of Baseline MPS and Gender
Abbreviations: UPDRS-111=Unified Parkinson’s Disease Rating Scale Part I11, MPS=Mild

Parkinsonian Signs.
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Table 1.
Population Characteristics Stratified by Absence/Presence of Baseline MPS
Baseline MPS Status
Full Cohort MPS- MPS+
Number 205 143 62
Demographic Age in Years, Mean (SD) 82.7 (2.6) 82.6 (2.5) 83.1(2.8)
Women, Number (%) 113 (55) 77 (54) 36 (58)
Black, Number (%) 85 (42) 60 (42) 45 (40)
Education Beyond High School, Number (%) 169 (82) 121 (85) 48 (77)
BMI, Mean (SD) 27.3(4.3) 275 (4.0) 28.5 (5.0)
Risk Factor Previous or Current Smoker, Number (%) 94 (46) 67 (47) 27 (44)
Presence of Diabetes, Number (%) 51 (25) 36 (25) 15 (24)
Presence of Hypertension, Number (%) 140 (68) 94 (66) 46 (74)
Presence of Cardiovascular Disease, Number (%) 54 (26) 40 (28) 14 (23)
Overall Quadriceps Strength, Mean (SD) 83.6 (29.8) 85.7 (30.1) 78.5 (28.5)
Function
3MS, Median (IQR) 95 (91-98) 96 (92-98) 95 (90-97)
UPDRS-III UPDRS-I11 at Baseline, Mean (SD) 1.46 (2.81) 0.13%(0.34) 450 (3.54)
Change in UPDRS-III per Year, Mean (SD) 0.60 (1.00) 0.807(0.82) 0.14 (1.22)
Follow-Up Time, Mean (SD) 3.81(0.80) 3.87 (0.76) 3.69 (0.87)
Imaging White Matter Hyperintensitiesx100, Median (IQR) 2.741 (0.080-0.703)  0.265 (0.077-0.663)  0.338 (0.138-0.712)
Gray Matter Volume, Mean (SD) 0.385 (0.241) 0.387 *(0.023) 0.379 (0.027)
Fractig]al Anisotropy of White Matter, Mean 0.360 (0.132) 0.362 *(0_013) 0.357 (0.013)
(SD)
Mean Diffusivity of Gray Matterx100, Mean (SD) ** 0.129(0.010) 0.129 (0.010) 0.131(0.011)

Abbreviations: MPS=Mild Parkinsonian Signs, SD=Standard Deviation, BMI=Body Mass Index, 3MS=Modified Mini-Mental, IQR=Interquartile

Ratio, UPDRS-I11=Unified Parkinson’s Disease Rating Scale Part I11.
*
p-value of between-group comparisons is <0.05.

*Kk
130 MPS- and 55 MPS+ participants included in analysis.
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Correlations between Population Characteristics and Longitudinal UPDRS-111 Change Stratified by Absence/

Presence of Baseline MPS

Number

Demographic

Risk Factor

Overall Function

UPDRS-III

Imaging

Imaging Adjusted for Age, Gender,
Diabetes

Age
Female Gender

Previous or Current Smoker
Presence of Diabetes

Presence of Hypertension

Presence of Cardiovascular Disease
Quadriceps Strength

3MS

UPDRS-III at Baseline

UPDRS-III at Follow-Up

White Matter Hyperintensities
Gray Matter Volume

Fractional Anisotropy of White Matter o

Mean Diffusivity of Gray Matter ™
Gray Matter Volume

Hok

Mean Diffusivity of Gray Matter *

UPDRS-I11 Change Adjusted for Follow-Up Time

Full cohort
205

0.176 *
-0172"

0.072
0.124

-0.004
0.090

-0.095
-0.045
*

-0.254"

0.732**
0.047

-0.188"
0.140

0.200™
-0.085

0.124

MPS-
143

0.214%

-0.2517"
0.115

0.207”
0.054
0.162

-0.162

-0.016
0.160

0.993
0.142

*

-0.259 "
0.116
0.306 ™
-0.076

0.193*

MPS+
62
0.207

-0.036

-0.013
-0.050

-0.048
-0.074

-0.281"
-0.098

-0.301%

0.779™*
-0.081
-0.217

0.063
0.143

-0.212

0.123

Data presented as standardized coefficients, using Spearman or Pearson partial correlations as appropriate. Abbreviations: MPS=Mild Parkinsonian
Signs, 3MS=Modified Mini Mental, UPDRS-111=Unified Parkinson’s Disease Rating Scale Part IlI.

*
p-value of correlation is <0.05.

AA
p-value of correlation is <0.005.

Hok:
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