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Abstract
Objective
Mild parkinsonian signs (MPS) are an underappreciated neurologic condition in older adults;
we assessed associations ofMPSwithmeasures of dopaminergic (catechol-O-methyltransferase
[COMT] genotype, an indicator of synaptic dopamine levels) and vascular (white matter
hyperintensities [WMH], an indicator of cerebral small vessel disease) factors.

Methods
In a cohort of older adults (mean age 82.6 years [SD 2.6]; 58.0% female; 38.8% black), we
assessed cross-sectional associations of WMH volume and COMT Val158Met (rs4680) ge-
notype (n = 35 Met/Met, n = 180 Val carriers) with MPS by regression models adjusted for
demographic and health characteristics. Interactions betweenWMH and COMTwere assessed
and analyses were repeated stratified by COMT genotype (Met/Met related to higher synaptic
dopamine vs Val carriers related to lower synaptic dopamine).

Results
MPS was present in 42.3% of our sample. WMH (odds ratio [OR] 1.16, confidence interval
[CI] 1.05–1.27) but not COMT (Met/Met compared to Val carrier: OR 0.62, CI 0.27–1.42)
was related to MPS. There was a significant interaction between WMH and COMT (p = 0.03).
Stratified analyses reveled a strong association between WMH and MPS among COMT Val
carriers (OR 1.23, CI 1.09–1.38), but not for Met/Met (OR 0.68, CI 0.45–1.02), independent
of covariates.

Conclusions
WMH had a direct relation with MPS. In contrast, COMT was not associated with MPS, but it
did modify the effect of WMH on MPS. The dopaminergic system may provide compensation
for the effects of WMH on MPS. These findings suggest that MPS has a vascular rather than
dopaminergic origin in older adults, but both factors are important in MPS manifestation.
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Glossary
3 MS = Modified Mini-Mental State Examination; BMI = body mass index; CI = confidence interval; COMT = catechol-
O-methyltransferase; dlPFC = dorsolateral prefrontal cortex; DSST = Digit Symbol Substitution Test; FLAIR = fluid-
attenuated inversion recovery; FOV = field of view; GM = gray matter; GMV = gray matter volume; HBP = Healthy Brain
Project; Health ABC = Health Aging and Body Composition; MPS = mild parkinsonian signs; OR = odds ratio; PFC =
prefrontal cortex; TE = echo time; TI = inversion time; TR = repetition time; WM = white matter; WMH = white matter
hyperintensities.

Mild parkinsonian signs (MPS) are common in older adults
without overt neurologic disorders and their presence is as-
sociated with poorer health outcomes, including cognitive
impairment, disability, and premature death.1 Despite their
high prevalence, MPS are largely underappreciated in clinical
practice and research. This may be because the origins ofMPS
are not clear, though cerebral small vessel disease, identified
by white matter hyperintensities (WMH), may be
a contributor.1–3

Dopaminergic contributions to MPS are less well-studied,
despite the role of striatal dopamine in related Parkinson
disease. Dopamine levels are related to gait speed, a prom-
inent component of MPS, in older adults without neurologic
conditions.4 Catechol-O-methyltransferase (COMT) is an
enzyme involved in the metabolic degradation of catechol-
amines, including dopamine, and is particularly important for
clearance of synaptic dopamine levels following neurotrans-
mitter release in the prefrontal cortex (PFC) due to low
concentration of dopamine reuptake transporters in the PFC.
COMT genotype is associated with Parkinson disease but its
relation with MPS is unknown.5

We assessed the association of WMH volume and COMT
genotype with presence of MPS and the interactions between
WMH and COMT in relation with MPS. As bradykinesia is
a prominent MPS with clear implications for the health and
well-being of older adults6 and with an established neurologic
contribution,7 we also assessed gait speed alone. We hypothe-
sized that both WMH and COMT would be related to MPS
and slower gait speed and that relation for one neurologic
marker would depend on the presence or absence of the other.

Methods
Sample
Cross-sectional data from the Health Aging and Body Com-
position (Health ABC) ancillary Healthy Brain Project
(HBP) were used. Participants at the Pittsburgh site were
asked to participate in the HBP between 2006 and 2008 if
they were free from neurologic disease and could walk 20
meters. Of the 1,527 participants enrolled in the Health ABC
in 1997–1998 at the Pittsburgh site, 819 were alive and
contacted to participate in the HBP. Among these, 315 re-
ceived a 3T brain MRI. We excluded those with a self-
reported stroke (n = 25), cognitive impairment indicated by

a Modified Mini-Mental State Examination (3 MS)8 score
below 80 (n = 22), or missing genotype, gait speed, MPS,
MRI, or covariate data (n = 63; not mutually exclusive),
resulting in an analytic sample of 215 participants. Those who
were excluded were older (p < 0.001) and more likely to have
cardiovascular disease (p < 0.001) than our analytic sample
but did not differ on other demographic or health character-
istics. Excluded individuals also had slower gait speed (p =
0.01) and higher WMH volume (p = 0.005) than included
individuals, but these differences were related to exclusions on
stroke and cognitive impairment and not to missing data.

Standard protocol approvals, registrations,
and patient consents
Institutional review boards at participating institutions ap-
proved this study and all participants provided informed
consent.

COMT genotyping
Single nucleotide polymorphisms of the COMT Val158Met
(rs4680) gene determine levels of the COMT enzyme and,
therefore, synaptic dopamine levels.9 The Met allele results in
lower levels of COMT, and consequently slower clearance
and higher synaptic levels of dopamine. In contrast, those with
the Val allele have faster clearance and lower synaptic levels of
dopamine. Therefore, individuals with theMet/Met genotype
have the highest synaptic levels of dopamine.9

COMT genotyping has been described in detail elsewhere.10,11

Genomic DNAwas extracted from EDTA anticoagulated whole
blood and PCR-based genotyping used flanking primers
COMTF: 5_-CACATCACCATCGAGATCAACA-3_ and
COMTR: 5_GATGACCCTGGT GATAGTGG-3_. The 210-
bp fragment flanking the Val158Met polymorphism (dbSNP,
rs4680)was digestedwith 1.5 units ofNlaIII, and resolved on 1%
agarose gel. Genotypes were compared to sequence-verified
control samples on the same gel. A 5% sample of blind duplicates
was included for quality control with complete concordance for
genotypes. Hardy-Weinberg equilibrium for genotype distribu-
tion was assessed.

Neuroimaging

Image acquisition
Details of the image acquisition protocol have been published
previously.12 Images were obtained with a Siemens (Munich,
Germany) 12-channel head coil and 3T Siemens Tim Trio
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MRI scanner at the Magnetic Resonance Research Center,
University of Pittsburgh. Magnetization-prepared rapid gra-
dient echo T1-weighted images were acquired in the axial
plane: repetition time (TR) 2,300 ms; echo time (TE) 3.43
ms; inversion time (TI) 900 ms; flip angle 9; slice thickness
1 mm; field of view (FOV) 256 × 224 mm; voxel size 1 ×
1 mm; matrix size 256 × 224; number of slices 176. Fluid-
attenuated inversion recovery (FLAIR) images were acquired
in the axial plane: TR 9,160 ms; TE 89 ms; TI 2,500 ms; flip
angle 150; FOV 256 × 212 mm; slice thickness 3 mm; matrix
size 256 × 240; number of slices 48; and voxel size 1 × 1 mm.
A neuroradiologist examined each MRI for neurologic
abnormalities.

Image processing
Volumes for gray matter (GM), white matter (WM), and CSF
were calculated by segmenting the skull-stripped T1-weighted
image in native anatomical space. WMH volume was obtained
from T2-weighted FLAIR image using a semiautomated
method and was normalized to brain volume. A fuzzy con-
nected algorithm with automated seed selection was used.13

The spatial distribution of WM tracts was obtained using the
JHU atlas.14 GM volumes (GMV) for the left and right dor-
solateral PFC (dlPFC) were estimated in cubic millimeters by
summing tissue-specific voxels. Labeling of regions of interest
followed previously published methods.15 Total intracranial
volume was computed as the volume contained within the
inner skull. GMV for the left and right dlPFC are reported as
adjusted for intracranial volume by the formula 1 − GMV/
intracranial volume.

Mild parkinsonian signs
The Unified Parkinson’s Disease Rating Scale motor compo-
nent (part III) was used to assess parkinsonian signs, including
bradykinesia, tremor, rigidity, and gait disturbances. MPS was
defined as (1) 2 or more items with a score of 1, indicating mild
symptoms, (2) 1 item with a score of at least 2, indicating
moderate to severe symptoms, or (3) a rest tremor score of 1
without meeting diagnostic criteria for Parkinson disease.16

Gait speed
Gait speed was assessed at usual pace on the GaitMat II, an
instrumented 8-meter walkway. The first 2 and last 2 meters
were inactive to allow acceleration and deceleration. Gait
speed was calculated as the distance between the first switch
closure of the first and last steps divided by the time to walk,
using meters per second.

Covariates
Variables related to motor limitations were measured. Age,
sex, race, and highest education level were self-reported at the
baseline Health ABC visit. Prevalent diabetes mellitus, car-
diovascular disease, and hypertension at time of MRI were
recorded. Diabetes status was determined by self-report, use
of diabetes medication, a fasting glucose of ≥126 mg/dL, or
a 2-hour glucose tolerance test >200 mg/dL. Body mass index
(BMI) was calculated by the standard formula (weight in

kilograms)/(height in meters)2 and obesity was defined by
theWHO as ≥30.17 Muscle strength was measured as the peak
torque from isokinetic knee extension on a dynamometer
(model 125 AP, Kin-Com, Chattanooga, TN). The right leg
was measured unless counterindicated due to prior surgery,
injury, or pain.

Global cognitive function was tested by the 3 MS.8 Processing
speed, a behavioral marker of dlPFC integrity, was assessed by
the Digit Symbol Substitution Test (DSST).18

Statistical analyses
Associations between demographic, health, andMRI variables
with presence or absence of MPS were determined by χ2 for
categorical variables and by t tests for continuous ones. De-
scriptive statistics by COMT genotype were calculated by χ2

statistics for categorical variables and by analysis of variance
for continuous ones.

Logistic regression tested associations between WMH and
MPS. Linear regression was used to assess associations be-
tween WMH and gait speed. As COMT was not associated
with MPS or gait speed in univariate analyses, regression
analyses were not conducted. Interaction terms of COMT
genotype with WMH were tested and regression analyses
were repeated stratified by COMT. Regression results were
similar for Val/Met and Val/Val genotypes; therefore, anal-
yses were conducted comparing Met/Met genotype to Val
carriers in order to maximize sample sizes. Due to the rela-
tively small sample size within the Met/Met stratum, stepwise
backward elimination with exclusion of covariates at p > 0.05
was used. Final adjusted models for MPS included age and
BMI. Final adjusted models for gait speed included age, race,
diabetes, hypertension, BMI, and quadriceps strength.

Model fit was assessed and due to the skewed distribution of
WMH, visual assessment of outliers was conducted. Fit was
good for all models and all residuals were normally distrib-
uted. Two outliers in WMH volume were identified; analyses
repeated without these outliers were identical to those
reported here. Due to dlPFC associations with motor control,
COMT function, and WMH, we accounted for integrity of
this region with further adjustment by either DSST or dlPFC
GMV to determine whether the associations were attenuated
by processing speed or brain structure. Models were also re-
peated to assess whether COMT interactions were significant
for WMH in specific WM tracts. Tracts assessed were iden-
tified a priori and included the anterior thalamic radiation,
cingulum, frontal corpus callosum, and occipital corpus cal-
losum in order to assess whether associations differed for
frontal and nonfrontal tracts.

Results
The analytic sample had an average age of 82.6 years (SD 2.6)
and was 57.7% female and 39.1% black. Nearly half the sample
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(42.3%) had MPS and mean gait speed was 0.92 m/s (SD
0.19). Individuals with MPS were older and more likely to
have hypertension; they also had lower 3 MS and DSST
scores and slower gait (table 1). HavingMPS was significantly
associated with higher volume of WMH, but not with COMT
genotype (table 1). Thirty-five participants (16.1%) had the
Met/Met COMT genotype. Black race (p ≤ 0.001) was less
common in those with the Met/Met COMT genotype
compared to Val carriers (table 2). No other demographic,
health, or MRI measures were significantly associated with
COMT genotype (table 2). WMH was associated with gait
speed (β = −12.7, confidence interval [CI] −19.7 to −5.6) in
unadjusted analyses, but COMT was not (table 2).

Greater volume of WMH was associated with significantly
greater odds of having MPS after adjustment for age, race,
diabetes, hypertension, BMI, and quadriceps strength
(odds ratio [OR] 1.15, CI 1.05–1.28; table 3). There was
a significant interaction between WMH and COMT ge-
notype both before (β = −391.0, p = 0.03) and after ad-
justment (β = −428.2, p = 0.02), indicating that the
association between WMH and MPS differed by genotype.

Analyses stratified by COMT genotype (table 3) indicated
an association between WMH and gait speed in adjusted
models among those who were COMT Val carriers (OR
1.23, CI 1.09–1.38). In contrast, there was no association
between WMH and gait speed in adjusted models among
those with the COMT Met/Met genotype (OR 0.68, CI
0.45–1.02).

Greater volume of WMH was significantly associated with
slower gait speed after adjustment for age, race, diabetes,
hypertension, BMI, and quadriceps strength (β = −8.3,
CI −14.5 to −2.1; table 4). The interaction between WMH
and COMT genotype was significant (β = 24.2, p = 0.046) in
unadjusted analyses, indicating that the association between
WMH and gait speed differed by genotype. The interaction
was somewhat attenuated but still strong after adjustment
for health and demographic variables (β = 16.6, p = 0.1).
Analyses stratified by COMT genotype (table 4) indicated
a strong association between WMH and gait speed in ad-
justed models among those who were COMT Val carriers
(β = −10.0, CI −16.5 to −3.5). In contrast, there was no
association between WMH and gait speed in adjusted

Table 1 Unadjusted associations of demographic, health, and brain integrity characteristics with mild parkinsonian
symptoms (MPS) in adults aged 78–90 years (n = 215)

Total sample Without MPS (n = 124) With MPS (n = 91) p Value

Mean volume of WMH 0.0030 (0.0034) 0.0023 (0.0026) 0.0039 (0.0042) 0.003

Met/Met COMT 35 (16.3) 23 (18.6) 12 (13.2) 0.3

Mean age, y 82.6 (2.6) 82.1 (2.2) 83.3 (2.9) 0.001

Female sex 124 (57.7) 72 (58.1) 52 (57.1) 0.9

Black 84 (39.1) 47 (37.9) 37 (40.7) 0.7

Education < high school 108 (50.2) 69 (55.7) 39 (42.9) 0.06

Mean BMI, kg/m2 27.4 (4.3) 27.1 (4.0) 27.9 (4.7) 0.2

Diabetes 52 (24.2) 27 (21.8) 25 (27.5) 0.3

CVD 47 (21.9) 27 (21.8) 20 (22.0) 0.9

Hypertension 147 (68.4) 79 (63.7) 68 (74.7) 0.09

Mean quadriceps strength, N × m 83.3 (32.4) 86.5 (31.2) 79.0 (33.6) 0.09

Mean 3 MS score 94.3 (4.7) 94.9 (4.4) 93.3 (4.9) 0.01

Mean DSST score 38.6 (12.1) 41.4 (12.1) 34.7 (11.1) <0.001

Mean gait speed, m/s 0.92 (0.19) 0.96 (0.16) 0.87 (0.20) <0.001

Mean total GMVa 0.28 (0.02) 0.29 (0.02) 0.28 (0.02) 0.01

Mean left dlPFC GMVa 0.0070 (0.001) 0.0072 (0.001) 0.0068 (0.001) 0.01

Mean right dlPFC GMVa 0.0074 (0.001) 0.0074 (0.001) 0.0073 (0.001) 0.2

Abbreviations: 3MS =ModifiedMini-Mental State Examination; BMI = bodymass index; COMT= catechol-O-methyltransferase; CVD = cardiovascular disease;
dlPFC = dorsolateral prefrontal cortex; DSST = Digit Symbol Substitution Test; GMV = gray matter volume; WMH = white matter hyperintensities.
Values are n (%) or mean (SD).
a Normalized to intracranial volume.
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models among those with the COMT Met/Met genotype
(β = 5.3, CI −14.4 to 24.9).

Addition of MPS to the gait speed models or gait speed to the
MPS models did not change the results (data not shown). In
all analyses, adjustment by DSST, left dlPFC GMV, or right
dlPFC GMV did not attenuate the results (tables 3 and 4). In
addition, results did not qualitatively differ when WMH in

specific tracts was assessed (data not shown). WMH in in-
dividual tracts were highly correlated with total WMH volume
(r range 0.68–0.89, all p < 0.001).

Discussion
In this sample of adults aged 78–90 years, we found that MPS
were associated with WMH but not with COMT genotype.

Table 2 Demographic, health, and brain integrity characteristics of adults aged 78–90 years (n = 215) by catechol-
O-methyltransferase (COMT) genotype

COMT Met/Met (n = 35) COMT Met/Val (n = 117) COMT Val/Val (n = 63) p Value

Gait speed 0.96 (0.19) 0.91 (0.19) 0.92 (0.18) 0.4

MPS 12 (34.3) 54 (46.2) 25 (39.7) 0.4

Age 82.9 (2.5) 82.7 (2.7) 82.2 (2.6) 0.4

Female sex 22 (62.9) 66 (56.4) 36 (57.1) 0.8

Black 6 (17.1) 40 (34.2) 38 (60.3) <0.001

Education < high school 20 (57.1) 63 (53.9) 25 (39.7) 0.1

BMI 27.1 (3.6) 27.1 (4.2) 28.2 (4.9) 0.2

Diabetes 4 (11.4) 29 (24.8) 19 (30.2) 0.1

CVD 4 (11.4) 29 (24.8) 14 (22.2) 0.2

Hypertension 24 (68.6) 85 (72.7) 38 (60.3) 0.2

Quadriceps strength 78.9 (35.5) 84.3 (33.6) 83.9 (28.4) 0.7

3 MS score 94.1 (4.9) 94.7 (4.8) 93.5 (4.4) 0.3

DSST score 39.1 (9.2) 38.9 (12.2) 37.7 (13.5) 0.8

Volume of WMH 0.0030 (0.0026) 0.0033 (0.0040) 0.0025 (0.0025) 0.3

Total GMVa 0.28 (0.02) 0.28 (0.02) 0.28 (0.02) 0.9

Left dlPFC GMVa 0.007 (0.001) 0.007 (0.001) 0.007 (0.001) 0.7

Right dlPFC GMVa 0.007 (0.001) 0.007 (0.001) 0.007 (0.001) 0.6

Abbreviations: 3MS =ModifiedMini-Mental State Examination; BMI = bodymass index; CVD = cardiovascular disease; dlPFC = dorsolateral prefrontal cortex;
DSST = Digit Symbol Substitution Test; GMV = gray matter volume; MPS = mild parkinsonian symptoms; WMH = white matter hyperintensities.
Values are n (%) or mean (SD).
a Normalized to intracranial volume.

Table 3 Association betweenmild parkinsonian signs and white matter hyperintensities, including by strata of catechol-
O-methyltransferase (COMT) genotype in adults aged 78–90 years (n = 215)

Unadjusted
Adjusted for demographic
and health variablesa

Adjusteda + Digit
Symbol Substitution Test

Adjusteda + left
dlPFC GMV

Adjusteda + right
dlPFC GMV

Unstratified 1.16 (1.05–1.27) 1.15 (1.05–1.28) 1.14 (1.03–1.27) 1.16 (1.05–1.28) 1.15 (1.04–1.27)

Stratified by COMT genotype

Met/Met (n = 35) 0.82 (0.60–1.14) 0.68 (0.45–1.02) 0.68 (0.46–1.03) 0.69 (0.42–1.14) 0.64 (0.40–1.01)

Val carriers (n = 180) 1.22 (1.09–1.36) 1.23 (1.09–1.38) 1.22 (1.08–1.38) 1.22 (1.09–1.37) 1.22 (1.09–1.37)

Abbreviations: dlPFC = dorsolateral prefrontal cortex; GMV = gray matter volume, normalized to intracranial volume.
Values are odds ratio (95% confidence interval).
a Includes age, race, diabetes, hypertension, body mass index, and quadriceps strength.
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However, COMT genotype did modify the association of
WMH with MPS, indicating a possible compensatory role of
dopamine in the presence of cerebral small vessel disease.
There was a strong association between greater WMH and
MPS among COMT Val allele carriers, indicative of lower
synaptic dopamine levels and lower PFC efficiency,19 whereas
there were no associations in those with the COMTMet/Met
genotype. The associations did not differ after adjustment for
cognitive and structural markers of dlPFC integrity. Similar
results were observed for gait speed.

We found no direct association of COMT genotype and MPS
or gait speed in our sample. No previously reported studies
have assessed associations of COMT genotype and MPS. A
previous study found that those with the Met/Val COMT
genotype had a faster gait speed cross-sectionally compared to
the 2 homozygotes.20 It is unclear why our results differ as the
samples were similar in age and other characteristics, but the
previous study did not account for the known differences in
COMT allele distribution by race,21 whereas our analyses
were adjusted for race. A previous analysis of the full Health
ABC cohort confirms our findings here of a lack of a cross-
sectional association between COMT and gait speed.22 That
study did find that individuals with the Met/Val genotype
maintained gait speed during 10 years of follow-up better than
individuals with either of the homozygote genotypes.22

While we did not find an association between COMT and
MPS or gait speed, we did find that the association of WMH
with MPS or gait speed differed by COMT genotype, sug-
gesting that the link between COMT and motor impairments
may not be direct. The previous studies that demonstrated an
association of COMTwith faster gait20 or slower gait decline22

found the Met/Val genotype to be most beneficial. In con-
trast, we found that the Met/Met genotype provided the
greatest compensation for gait speed in the presence of
WMH. Dopamine function is hypothesized to follow
a U-shaped pattern, with levels that are too high or too low
leading to poorer functional outcomes.23 Thus, in the pre-
vious studies, the Met/Val group was thought to have the
optimal dopaminergic levels leading to preserved gait speed.

However, in the presence of pathology such as WMH, it may
be that higher levels of dopamine, indicated by the Met/Met
COMT genotype, are necessary. It is also possible that we did
not find an association between COMT and MPS or gait
speed because the gene is an indirect measure of dopami-
nergic levels. Future studies should directly measure PFC
dopamine levels through PET scans.

WMH are well-established as a risk factor for MPS and slow
gait in older adults.2,3,24,25 However, not all older adults with
WMH have motor impairments. Our results indicate that the
relative functional capacity of the dopaminergic system might
provide compensation in the presence of WMH. In a large,
well-characterized cohort of older adults, no significant inter-
actions were observed between WMH and risk factors for slow
gait from peripheral systems (joint pain, muscle strength, vision
impairment, lung capacity, obesity, or peripheral vascular dis-
ease).24 Those results suggest that integrity of the peripheral
systems is not sufficient to compensate for the effects of WMH
on gait in older adults. In contrast, compensatory factors related
to WM microstructural integrity have been previously identi-
fied that may limit the effect of WMH on gait speed.26,27 The
dopaminergic system is vital for gait performance4 and dopa-
mine levels decline with age28 but with significant in-
terindividual variation. The COMT enzyme regulates synaptic
dopaminergic levels in the brain, with particular importance for
clearance of dopamine in the PFC.9 The Met allele of the
COMT Val158Met gene is associated with greater synaptic
dopamine availability,9 higher levels of executive function,28,29

and more efficient dlPFC function.19 Any of these mechanisms
might explain the apparent compensatory effect of the COMT
Met/Met genotype for WMH in relation to MPS and gait
speed in older adults. We did not find differences in the asso-
ciations of WMH between frontal and nonfrontal tracts. This
may be due to the fact that in this sample of adults in their 80s,
WMH are already widespread, affecting all tracts approximately
equally. This is evident by the strong correlation of tract-
specific WMH with total WMH in our sample.

This study had several limitations of note. First, we had no
direct measures of cortical dopamine levels. However, the role

Table 4 Association between gait speed (m/s) and white matter hyperintensities, including by strata of catechol-
O-methyltransferase (COMT) genotype in adults aged 78–90 years (n = 215)

Unadjusted

Adjusted for
demographic and
health variablesa

Adjusteda +
digit symbol
substitution test

Adjusteda +
left dlPFC GMV

Adjusteda +
right dlPFC GMV

Unstratified −12.7 (−19.7 to −5.6) −8.3 (−14.5 to −2.1) −7.8 (−14.0 to −1.5) −8.2 (−14.4 to −2.0) −8.1 (−14.3 to −1.9)

Stratified by COMT genotype

Met/Met (n = 35) 9.3 (−13.8 to 32.5) 5.3 (−14.4 to 24.9) 5.7 (−13.7 to 25.1) 5.3 (−15.1 to 25.7) 7.3 (−12.6 to 27.2)

Val carriers (n = 180) −14.9 (−22.1 to −7.7) −10.0 (−16.5 to −3.5) −9.6 (−16.1 to −3.0) −9.7 (−16.1 to −3.2) −9.8 (−16.4 to −3.4)

Abbreviations: dlPFC = dorsolateral prefrontal cortex; GMV = gray matter volume, normalized to intracranial volume.
Values are β (95% confidence interval).
a Includes age and body mass index.
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of COMT genotype is well-described in relation to its role on
synaptic dopamine levels.9 In addition, we had small numbers
of participants in individual strata, particularly for those with
the Met/Met genotype, which limited power and the pre-
cision of our estimates. Despite these limitations, we were able
to detect a difference in the association of WMH with MPS
and gait speed by COMT genotype in this well-characterized
cohort of older adults.

These findings suggest that MPS has a vascular rather than
dopaminergic origin in older adults, but both factors are im-
portant in MPS manifestation. Our results indicate a com-
pensatory role for the dopaminergic system in maintenance of
motor function in the presence of age-related WMH. Results
were not attenuated by addition of DSST or dlPFC GMV to
the model, indicating that these associations are independent
of processing speed and structural integrity of the dlPFC.
Results were also not attenuated when adjusting for MPS in
gait speed models or gait speed in MPS models, indicating
that these are likely independent processes. Future studies
should directly assess cortical dopamine levels to determine
their role in maintaining motor function of older adults with
WMH. Interventions that target the dopaminergic system
may be important for increasing brain resilience and en-
hancing motor and functional outcomes in older adults.
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Study question
Are mild parkinsonian signs (MPS) associated with catechol-
O-methyltransferase (COMT) genotype and white matter
hyperintensities (WMHs)?

Summary answer
WMHs are directly associated with MPS positivity; COMT
genotype is not but does modify the WMH association with
MPS positivity.

What is known and what this article adds
Past studies have identifiedWMHs as possible contributors to
MPS positivity, and COMT genotype is associated with Par-
kinson disease. This study clarifies whether WMHs and
COMT genotype are associated with MPS positivity.

Participants and setting
This study examined a subset of 215 participants (mean age
82.6 years; SD 2.6 years) from the Healthy Brain Project who
underwent examinations between 2006 and 2008.

Design, size, and duration
The participants’ COMT Val158Met genotypes were de-
termined through a PCR-based procedure. WMH volumes
were obtained through T2-weighted fluid-attenuated in-
version recovery with a 3T MRI scanner.

Primary outcomes
The primary outcomewasMPS positivity, as assessed with the
Unified Parkinson’s Disease Rating Scale motor component
(part III). MPS positivity was defined as having a score of 1 on
at least 2 items, a score of 2 on at least 1 item, or a rest tremor
score of 1.

Main results and the role of chance
Of the participants, 42.3% were MPS-positive. Mean WMH
volumes were significantly greater in MPS-positive partic-
ipants than in MPS-negative participants (p = 0.003), but
there was no significant difference in Met/Met COMT

genotype frequencies (p = 0.3). Greater WMH volumes were
associated with increased odds of MPS positivity after
adjusting for age, race, diabetes, hypertension, body mass
index, and quadriceps strength (odds ratio 1.15; 95% confi-
dence interval 1.05–1.28). There was also a significant post-
adjustment interaction between WMH volume and COMT
genotype (β = −428.2; p = 0.02), which indicates that the
association between WMH volume and MPS positivity was
only present in those with the genotypes associated with
lower dopaminergic signaling.

Bias, confounding, and other reasons for
caution
COMT genotype is related to cortical dopamine levels, but the
study included no direct measures of cortical dopamine levels.
The relatively small number of people with the Met/Met
COMT genotype limited the power of statistical analyses.

Generalizability to other populations
This study examined a well-characterized cohort of older
adults, which should promote the generalizability of its results.

Study funding/potential competing interests
This study was funded by the NIH and the University of
Pittsburgh. The authors report no competing interests. Go to
Neurology.org/N for full disclosures.

Table Odds ratio of MPS positivity with greater WMH
volumes

Stratification Adjusted odds ratio (95% CI)

None 1.15 (1.05–1.28)

Stratified by COMT genotype

Met/Met 0.68 (0.45–1.02)

Met/Val or Val/Val 1.23 (1.09–1.38)

A draft of the short-form article was written by M. Dalefield, a writer with Editage, a division of Cactus Communications. The authors of the
full-length article and the journal editors edited and approved the final version.

Copyright © 2018 American Academy of Neurology 113

SHORT-FORM ARTICLE

Copyright    2018 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.ª

mailto:alr143@pitt.edu
http://n.neurology.org/lookup/doi/10.1212/WNL.0000000000004842



