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A B S T R A C T

Background: Declining function in dopamine circuits is implicated in normal aging and late-life depression
(LLD). Dopamine augmentation recently has shown therapeutic promise, but predictors of response are un-
known.
Methods: Depressed elders with slowed gait underwent baseline magnetic resonance imaging (MRI) and [11C]
raclopride positron emission tomography (PET). Subjects then received open treatment with carbidopa/levo-
dopa (L-DOPA) for three weeks. Linear regressions examined relationships between baseline MRI measures,
[11C]raclopride binding, and behavioral outcomes.
Results: Among N = 16 participants aged 72.5 ± 6.8 years, higher left superior temporal gyrus volume was
associated with higher processing speed at baseline, while cortical thinning in a processing speed network was
associated with greater improvement following L-DOPA. Greater volume and cortical thickness in brain regions
associated with mobility were associated with higher baseline gait speed. Higher baseline white matter hyper-
intensity volume predicted less post-L-DOPA improvement on dual task gait speed and IDS-SR scores. Higher
[11C]raclopride binding in the associative striatum was associated with cortical thickness in some, but not all,
processing speed brain regions, while higher binding in sensorimotor striatum was significantly associated with
left caudate volume.
Limitations: Limiting the conclusions drawn from this pilot study are the small sample size and open adminis-
tration of L-DOPA.
Conclusions: Greater baseline brain volumes and cortical thickness in regions supporting cognition and gait were
associated with higher behavioral performance, while lower structural integrity was associated with increased
responsivity to L-DOPA. If substantiated in larger studies, these findings could facilitate the targeting of dopa-
minergic treatments to those LLD patients most likely to respond.

1. Introduction

Late life depression (LLD) is a prevalent and disabling condition
among older adults that is often recurrent, can become chronic, and is
frequently non-responsive to antidepressant medication
(Consensus Conference, 1992; Rothschild, 1996; Alexopoulos et al.,
1996; Sneed et al., 2008). Executive Dysfunction (ED), particularly as
manifested in slowed processing speed, is common in patients with LLD,
predicts poorer acute response to antidepressants, and is associated
with higher relapse rates during the continuation phase (Butters et al.,

2004; Pimontel et al., 2012). Similarly, slowed gait speed is associated
with incident depression in older adults and interacts with depression
to magnify adverse health outcomes (e.g., falls, loss of independent
living status, mortality) in older adults (Demakakos et al., 2013;
Brown et al., 2016; Verghese et al., 2009; Van Kan et al., 2009). Re-
cently, our group targeted slowed processing/gait speed and decreased
striatal dopamine availability, which is an important physiologic basis
for slowing, using a novel therapeutic approach to LLD. We showed that
carbidopa/levodopa (L-DOPA) monotherapy significantly improved
processing and gait speed in depressed older adults, decreased [11C]
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raclopride binding in selected striatal subregions, and resulted in de-
creased depressive symptoms (Rutherford et al., 2019).

Given that L-DOPA administration is a novel therapeutic strategy for
LLD with cognitive and motor slowing, little is known about brain re-
gions that may be associated with response. L-DOPA is most frequently
employed for the treatment of Parkinson's disease (PD), which typically
is not associated with identifiable changes on traditional structural
brain imaging with T1- and T2-weighted sequences (Stoessl, 2011). In
addition, the hypodopaminergic state associated with aging has a dis-
tinct neurobiology from PD and appears to represent a parallel pathway
to developing cognitive and motor deficits in LLD (Bohnen et al., 2006;
Volkow et al., 1998), so it may be unlikely that predictors of L-DOPA
response are shared across LLD and PD. In the only study available
examining structural MRI variables and therapeutic response to L-
DOPA for PD, greater brain atrophy in the parietal operculum, primary
and supplementary motor areas, and cerebellum were associated with
relatively weak L-DOPA response (Ballarini et al., 2019).

Predictors of response to standard antidepressant medication
treatment for LLD include white matter hyperintensities (WMH) ob-
served on T2-weighted fluid attenuated inversion recovery (FLAIR) MRI
scans (Sneed et al., 2011). WMH are present in the majority of older
adults with MDD and are associated with a more chronic clinical course
and poor response to antidepressants (Sheline et al., 2010;
Aizenstein et al., 2014). Gray matter structural alterations also have
been linked to the development and maintenance of LLD, and studies
integrating neuroimaging with antidepressant treatment have reported
smaller anterior cingulate (Gunning et al., 2009) and hippocampal
volumes (Sheline et al., 2012) are associated with decreased anti-
depressant response. However, given the different mechanisms of
therapeutic action for dopaminergic agents and standard anti-
depressants, it is unclear whether these findings are relevant to L-DOPA
response.

In this secondary analysis of our previously reported L-DOPA study,
the primary goal was to examine associations between structural MRI
variables and L-DOPA response on processing speed, gait speed, and
depressive symptom outcomes. Our guiding hypotheses were that 1)
higher brain volume and cortical thickness in regions underlying pro-
cessing and gait speed would be associated with better behavioral
performance on corresponding measures at baseline, whereas 2) lower
baseline brain volume and cortical thickness would be associated with
increased response to L-DOPA on the corresponding behavioral tasks at
study endpoint. Moreover, we wished to characterize associations be-
tween WMH burden and psychomotor speed at baseline as well as
evaluate whether, similar to what has been found with respect to
treatment with antidepressant medication, greater baseline WMH
burden is associated with decreased responsivity to L-DOPA on the
three outcomes studied (i.e., processing speed, gait speed, and depres-
sive symptoms). Finally, to explore possible pathophysiologic pathways
linking age-associated declines in dopamine signaling with cortical
thinning, regional atrophy, and psychomotor slowing, we examined
associations between [11C]raclopride binding and baseline structural
MRI measures in brain regions linked to processing and gait speed.

2. Methods and materials

2.1. Subjects

This study was conducted in the Adult and Late Life Depression
Research Clinic at the New York State Psychiatric Institute (NYSPI) and
approved by the NYSPI Institutional Review Board. Please see the
previously published main outcome manuscript for a full description of
study procedures (Rutherford et al., 2019). The analyses reported here
concern the subset of our original study's participants who underwent
MRI scanning, as structural MRI data were not presented previously.
Briefly, eligible subjects were adult outpatients aged ≥ 60 years who
were diagnosed with Diagnostic and Statistical Manual (DSM) 5 MDD,

Dysthymia, or Depression Not Otherwise Specified (NOS), had Center
for Epidemiologic Studies-Depression Rating scale (CES-D) score ≥ 10,
and decreased gait speed (average walking speed over 15′ course <
1 m/s). Subjects were excluded for substance abuse or dependence,
psychosis or bipolar disorder, diagnosis of probable dementia, Mini
Mental Status Examination (MMSE) ≤ 24, HRSD suicide item > 2 or
Clinical Global Impressions (CGI)-Severity score of 7 at baseline, within
the past 4 weeks treatment with psychotropic or other medications
known to affect dopamine, acute or severe medical illness, mobility
limiting osteoarthritis or joint disease, or contraindication to magnetic
resonance imaging (MRI).

2.2. Study design and L-DOPA administration

Neuroimaging participants had pre-treatment MRI and PET scans
prior to a Week 0 visit, after which they began taking 37.5 mg carbi-
dopa/150 mg levodopa once daily (9am). After one week at this dosage,
subjects were instructed to take 37.5 mg carbidopa/150 mg levodopa at
9am and 5pm (twice daily). For the third week of treatment, subjects
took 37.5 mg carbidopa/150 mg levodopa three times daily (9am,
12pm, 5pm). Participants were instructed to maintain the same timing
of doses throughout the study as described below and continued for the
three-week duration study.

2.3. Study assessments

Processing and gait speed were assessed at baseline, Week 0, and
weekly upon initiation of L-DOPA treatment (i.e., Weeks 1–3).
Assessments were performed at approximately 1pm to control for time
of day effects and the duration since the last morning L-DOPA dose
(anticipated to be 4 h). Processing speed was assessed using the Digit
Symbol test from the Wechsler Adult Intelligence Scale-III (WAIS-III)
(Wechsler, 1997) and the Pattern and Letter Comparison tests
(Salthouse and Babcock, 1991). A latent factor constructed from these
three measures was chosen as the primary outcome measure for pro-
cessing speed, with a higher score indicating improved processing
speed. Gait speed was measured in m/s both as a single task in which
study participants walked at their usual or normal speed on a 15 foot
walking course and as a dual task in which participants walked at their
usual speed while naming as many animals as possible. Two trials
(each, for single and dual tasks) were completed, and the final gait
speed measurement was recorded as the average of these two trials.

Other study measurements performed weekly included the 24-item
HRSD, the Inventory of Depressive Symptomatology 30-item self-report
(IDS-SR), the CGI-Severity and CGI-Improvement scales, a rating scale
for treatment-emergent side effects, and weekly pill counts.

2.4. MRI data acquisition and analysis

MRI of the brain was acquired using a GE MR750 3.0T System,
beginning with a 3-Plane localizer (scout) to determine patient position.
Next, a T1-weighted (BRAVO) scan was performed with TI 450 ms, flip
angle of 12°, in-plane resolution of 256×256, field of view of
25.6 × 25.6 cm, and 180 slices in oblique plane with slice-thickness/
gap of 1.0 mm. Finally, T2 FLAIR for WMH quantification was acquired
with TE 120 ms, TR 10000 ms, TI 2380 ms, flip angle of 111°, field of
view of 22.0 × 22.0 cm, and 50 slices in oblique plane with slice-
thickness/gap of 3.0 mm. FreeSurfer (v5.1.0) software for human brain
imaging analysis (http://surfer.nmr.mgh.harvard.edu/) was used for
the reconstruction of the T1 scans (Fischl et al., 2002; Fischl et al.,
2004). Regional brain volumes and thickness in cortical regions was
computed using the standard FreeSurfer parcellation (Desikan et al.,
2006).

For associations with baseline processing speed and L-DOPA-asso-
ciated change on this measure, we selected for analysis volume (mean
right and left, mm3) and thickness (mean right and left, mm) for brain
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regions that we have previously shown to be activated during perfor-
mance of the processing speed tasks used in this study (Habeck et al.,
2015). These comprise lingual gyrus, thalamus, insular cortex, cuneus,
precuneus, and superior/middle temporal cortex. For gait speed ana-
lyses, we selected brain regions that have been associated with gait
speed in previous reports (Yuan et al., 2015): caudate, putamen, pal-
lidum, hippocampus, primary motor cortex, and supplementary motor
area. Finally, total WMH burden was selected for comparison with
baseline and change measures as described below.

2.5. Positron emission tomography scanning

Dynamically acquired [11C]raclopride scans were performed on a
Biograph mCT hybrid PET/CT scanner (Siemens, Knoxville, TN).
Initially, a brief (< 10 s) CT scan of the head was acquired for at-
tenuation correction. Following intravenous injection of [11C]raclo-
pride, emission data were collected in list mode for 60 min. List mode
data were binned into a sequence of frames of increasing duration (from
20 s to 10 min) and reconstructed by filtered backprojection, with
correction for attenuation, random coincidences, scatter and dead time,
using manufacturer-provided software. High resolution anatomical T1-
weighted MRI scans were acquired for each subject and PET data were
coregistered to the MRIs using maximization of mutual information
(SPM12, Wellcome Centre for Human Neuroimaging). Regions of in-
terest (ROIs) were applied to the MRIs and transferred to the PET
emission data and included the sensorimotor striatum (post-commis-
sural putamen, SMST) and associative striatum (whole caudate and pre-
commissural putamen, AST) as previously described (Martinez et al.,
2004). Additionally, an ROI was drawn on cerebellum as a reference
tissue. ROI time activity curves were derived as the average activity in
each ROI in each frame.

2.6. Statistical analyses

Means were computed for clinical and demographic characteristics
of the study sample, and a latent factor analysis was conducted to create
a processing speed factor from digit symbol, pattern comparison, and
letter comparison test scores. The relationships between structural
brain measures (i.e., volume, thickness) and outcomes of interest were
examined using linear regressions. Separate regressions modeled each
baseline outcome measure (i.e., processing speed factor, single or dual
task gait speed, total depressive symptoms as measured by 24-item
HRSD, [11C]raclopride binding in striatal ROIs) as a function of each
brain region of interest (volume and thickness). We hypothesized that
structural brain measures would be associated with baseline behavioral
and PET measures in a regionally specific fashion, such that volume/
thickness in the six processing speed regions would be associated with

baseline processing speed factor scores and volume/thickness in the six
gait regions would be associated with baseline gait speed. Moreover, we
expected that volume/thickness in the six processing speed regions
would be associated with [11C]raclopride binding in AST and volume/
thickness in the six gait regions would be associated with [11C]raclo-
pride binding in SMST. Control variables in all regressions were age at
scan, sex, educational attainment, and intra-cranial volume. The same
brain regions were evaluated in regression models of change, but the
outcome was Week3 – Week 0 change in each behavioral/symptom
measure and baseline values of the behavioral measure were added as a
control. We opted not to utilize a Bonferonni correction for multiple
comparisons, as given the small sample size in this pilot study, this type
of correction would mask nearly all findings.

3. Results

3.1. Sample characteristics and response to L-DOPA

Clinical and demographic characteristics for the N = 16 subjects
undergoing MRI scanning are provided in Table 1. Of these, N = 14
also had evaluable baseline [11C]raclopride data. These participants
represented the MRI-eligible portion of the previously published sample
who received treatment with L-DOPA (Rutherford et al., 2019).
Scanned participants had a mean age of 72.5 ± 6.8 years, were 56.3%
male, and had mean HRSD 15.9 ± 5.8. Mean baseline processing
speed as measured by the Digit Symbol test was 30.9 ± 10.0, which is
>1 SD below norms for individuals having similar age, sex, and edu-
cation characteristics (Gaertner et al., 2018). Mean single task gait
speed was 0.77 ± 0.19, and mean dual task gait speed was
0.61 ± 0.21, both of which are >1 SD below the age-adjusted norm
for age 74 (closest published norm to the mean age of the current
sample) (Beauchet et al., 2017).

Among the N = 16 neuroimaging dataset, L-DOPA treatment was
associated with improvements in processing (processing speed factor
t = 3.574, df 15, p = 0.003) and gait speed (single task: t = 3.230, df
15, p= 0.006; dual task: t= 3.656, df 15, p= 0.002) from Week 0 to
Week 3. In addition, statistically significant improvements in depressive
symptoms was observed from Week 0 to Week 3 on the HRSD
(t=−2.747, df 15, p = 0.015) and IDS-SR (t=−6.434, df 15,
p<0.001).

3.1.1. Relationships between structural brain measures and baseline
psychomotor speed

Among brain regions previously shown to underlie performance on
tests of processing speed, greater left superior temporal gyrus volume
(t #x003D; 3.119, df 9, p #x003D; 0.012) was significantly associated
with better processing speed factor scores at baseline (see Table 2). As

Table 1
Baseline and week 3 clinical and demographic measures for included subjects.

Characteristic Baseline (mean± SD) Week 3 (mean± SD) t df p

Age 72.5 ± 6.8
% male 56.3
Education (yrs) 15.6 ± 2.6
MMSE 27.5 ± 1.6
Processing speed factor −3.3 ± 6.7 0.4 ± 5.0 3.574 15 0.003
Digit Symbol Test 30.9 ± 10.0 40.6 ± 7.9 4.706 15 <0.001
Pattern comparison test 11.8 ± 2.8 12.9 ± 1.9 2.358 15 0.033
Letter comparison test 6.5 ± 2.4 6.6 ± 2.0 0.809 14 0.43
Single task gait speed 0.77 ± 0.19 0.89 ± 0.22 3.230 15 0.006
Dual task gait speed 0.61 ± 0.21 0.78 ± 0.24 3.656 15 0.002
24-item HRSD 15.9 ± 5.8 10.6 ± 7.4 −2.747 15 0.015
IDS-SR 25.9 ± 10.9 13.4 ± 9.6 −6.434 15 <0.001
CGI Severity 3.3 ± 0.8 2.5 ± 1.1 −2.467 14 0.027

MMSE = Mini Mental Status Examination, HRSD = Hamilton Rating Scale for Depression, IDS-SR = Inventory of Depressive Symptomatology – Self-Report,
CGI = Clinical Global Impressions.
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shown in Table 3, higher left supplementary motor cortex volume was
associated with faster baseline single task (t #x003D; 2.921, df 9,
p #x003D; 0.017) and dual task (2.641, df 9, p = 0.027) gait speed.
Right primary motor (t = 2.75, df 9, p = 0.022) and supplementary
motor area (t = 2.31, df 9, p = 0.046) cortical thickness also were
associated with higher single task gait speed. No significant associations
between volumetric measures and baseline processing or gait speed
were found in the remaining regions examined. Significance testing for
these comparisons was not corrected for multiple comparisons given
the small sample size in this pilot study.

3.1.2. Associations between structural MRI variables and L-DOPA effects
on processing and gait speed

As shown in Table 2, lower right cuneus (t=−2.745, df 8,
p= 0.025), right insula (t=−2.457, df 8, p= 0.039), bilateral lingual
gyrus (left: t=−3.194, df 8, p = 0.013; right: t=−3.991, df 8,
p = 0.004), right precuneus (t=−2.966, df 8, p = 0.018), and left
superior temporal gyrus (t = −2.953, df 8, p #x003D; 0.018) cortical
thickness at baseline were associated with greater improvement on the
processing speed factor score following L-DOPA treatment. Higher left
caudate volume (t= 2.493, df 8, p= 0.037) was found to be associated
with greater post-L-DOPA improvement on the dual task gait speed
measure.

Total WMH burden was not associated with any baseline measures.
Higher baseline WMH volumes were associated with less post-L-DOPA
improvement on dual task gait speed (t=−5.164, df 3, p= 0.014) and
IDS-SR scores (t= 3.664, df 3, 0.035) but not with change in processing
speed. As in the above section, significance testing for these compar-
isons was not corrected for multiple comparisons given the small
sample size in this pilot study.

3.1.3. Associations between [11C]raclopride binding and structural MRI
measures

Higher baseline [11C]raclopride binding in AST was significantly
associated with cortical thickness in some, but not all, processing speed
brain regions, including bilateral insular (left: t = 4.120, df 7,
p= 0.004; right: t= 2.693, df 7, p= 0.31) and left superior temporal
gyrus (t = 3.346, df 7, p = 0.012). With respect to associations be-
tween PET measures and gait speed brain regions, higher baseline [11C]
raclopride binding in SMST was significantly associated with left cau-
date volume (t= 5.081, df 7, p= 0.001). Significance testing for these
comparisons was not corrected for multiple comparisons given the
small sample size in this pilot study.

4. Discussion

In these analyses of structural MRI data, [11C]raclopride binding,
and psychomotor speed in depressed older adults, lower regional brain
volume and cortical thickness in areas previously linked to processing
speed were associated with poorer baseline performance on processing
speed tasks and increased cognitive responsivity to L-DOPA mono-
therapy. Similarly, lower integrity of neural structures subserving
motor functions was linked to slower gait speed at baseline. WMH
burden, a well-described moderator of depressive symptom response to
antidepressant medication in older adults, was associated with de-
creased dual task gait speed and depressive symptom responses to L-
DOPA but was not associated with processing speed improvements in
this study.

By non-invasively providing information about the integrity of brain
circuits underlying dopamine-dependent behaviors, structural MRI data
such as those analyzed here could facilitate the development and tar-
geted application of personalized interventions for LLD. Previous

Table 2
Relationships between structural brain measures and processing speed latent factor score at baseline (above) and following three week-duration L-DOPA treatment
(below).

Baseline
Brain region Volume Thickness

t df (residual) p t df (residual) p

superior temporal gyrus LR 3.119 0.855 9 9 0.012 0.415 0.842 0.160 9 9 0.422 0.877
Change following L-DOPA
Brain region Volume Thickness

t df (residual) p t df (residual) p
Cuneus LR −1.749 0.629 8 8 0.118 0.547 −2.281–2.745 8 8 0.052 0.025
Insula L R 0.284 0.229 8 8 0.784 0.825 −1.369–2.457 8 8 0.208 0.039
lingual gyrus L R −0.233–0.847 88 0.821 0.421 −3.194–3.991 8 8 0.013 0.004
Precuneus L R −0.397–2.061 8 8 0.702 0.073 −1.500–2.966 88 0.172 0.018
superior temporal gyrus L R 0.795 0.777 8 8 0.450 0.459 −2.953–0.888 88 0.018 0.400

Table 3
Relationships between structural brain measures and gait speed at baseline (above) and following three week-duration L-DOPA treatment (below).

Baseline
Brain volumes Single Task Gait Speed Dual Task Gait Speed

t df (residual) p t df (residual) p

supplementary motor cortex LR 2.921 1.882 9 9 0.017 0.092 2.641 0.989 9 9 0.027 0.349
Change following L-DOPA
Brain volumes Single Task Gait Speed Dual Task Gait Speed

t df (total) p t df (total) p
Caudate LR 0.793 1.195 8 8 0.451 0.266 2.493 1.589 8 8 0.037 0.151
Baseline
Brain thickness Single Task Gait Speed Dual Task Gait Speed

t df (total) p t df (total) P
primary motor cortex (anterior) LR 2.11 2.75 9 9 0.064 0.022 1.57 1.66 9 9 0.151 0.132
supplementary motor cortex LR 1.43 2.31 9 9 0.186 0.046 1.27 2.23 9 9 0.236 0.052
Change following L-DOPA
Brain thickness Single Task Gait Speed Dual Task Gait Speed

t df (total) p t df (total) p
supplementary motor cortex L R −0.749 −2.122 8 8 0.475 0.067 −0.699 −0.646 8 8 0.504 0.537
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studies have examined patient-level moderators of response to anti-
depressant medications such as selective serotonin reuptake inhibitors
(Gunning et al., 2009; Sheline et al., 2012), but these findings may not
be relevant to therapeutic strategies targeting alternative mechanisms
in subgroups of depressed older adults. Results reported here suggest
that it is older adults with atrophy in brain regions underlying in-
formation processing speed who may benefit most from dopaminergic
interventions to increase processing speed. Given the ‘inverted U-
shaped’ function believed to characterize the relationship between
dopamine signaling and performance across motor and cognitive do-
mains (Arnsten, 1998; Cools, 2006), it may be desirable to target do-
paminergic interventions to individuals with a signaling deficit. Though
not specifically examined here, using L-DOPA in individuals with high
baseline dopamine levels and intact frontostriatal pathways may result
in ‘over-dosing’ and a decline in performance.

We also found that baseline [11C]raclopride binding in the AST was
significantly associated with structural MRI measures in the processing
speed network examined, while [11C]raclopride binding in the SMST
was significantly associated with left caudate volume. While inter-
pretation of baseline [11C]raclopride binding values in these striatal
subregions is complex, the findings reported here are consistent with a
model in which age-related declines in dopaminergic input to the
striatum result in downstream atrophy among frontal cortex regions
subserving cognitive (anterior cingulate cortex, ventrolateral and dor-
solateral PFC) and motor (primary motor cortex and supplemental
motor area) functions. Further study is needed to more conclusively
examine the relationships between age-related change in dopaminergic
inputs (i.e., from the ventral tegmental area and substantia nigra) and
neuroplastic changes in downstream cortical and subcortical structures.
A related question for future studies is whether L-DOPA treatment alters
volume and cortical thickness in brain regions subserving processing
and gait speed, on what time scale such changes occur, and whether
they persist following removal of L-DOPA treatment.

Consistent with the bulk of previous research on antidepressant
treatment response in LLD, higher WMH burden was associated with
poorer treatment outcomes. Interestingly, this obtained both for motor
(dual task gait speed) and depressive symptom outcomes, suggesting
that cerebrovascular lesions may be an important negative prognostic
factor across different pharmacologic treatments and diverse outcome
domains. Along with targeted pharmacologic and psychotherapeutic
treatment for depression, a comprehensive therapeutic strategy for LLD
in elders with risk factors or evidence of WMH should involve vigorous
management of cardiovascular health.

These results must be interpreted with caution given the small
sample size available for analysis, which is the primary limitation of the
findings reported here. The limited sample size did not permit con-
trolling for multiple comparisons, so it is possible that one or more of
the findings reported here may represent a Type I error. Moreover, L-
DOPA was administered as an open treatment in this study, and ex-
pectancy-based placebo effects may have contributed to the brain-be-
havior associations identified.

Mitigating these limitations are the fact that, to our knowledge, no
prior studies have examined associations between brain structure and
response to dopaminergic treatments for LLD. Given that dopamine
circuits are implicated in the pathogenesis of depression across the
lifespan and that aging is associated with functionally significant do-
paminergic decline, it likely that dopaminergic interventions may come
to play important roles in the treatment of LLD. The findings reported
here may best be viewed as valuable hypothesis-generating pilot data to
be further evaluated by future, adequately powered studies. Such a
study is currently underway in our laboratories, where N = 90 de-
pressed older adults are being randomized to treatment with L-DOPA
450 mg or placebo in addition to undergoing pre- and post-treatment
multimodal MRI and PET imaging.

Future studies examining dopaminergic circuits in LLD also may
benefit from integrating additional MRI sequences with the volumetric

approach utilized in this study. For example, diffusion tensor imaging to
examine the integrity of specific tracts linking PFC subregions to sub-
cortical structures that are important for mood regulation (e.g., superior
longitudinal fasciculus, uncinate fasciculus, anterior thalamic radia-
tions) may be a more sensitive method for capturing white matter ab-
normalities in LLD than overall WMH volume (Wen et al., 2014). Ad-
ditionally, recent studies validating neuromelanin-sensitive MRI (NM-
MRI) as an in vivo proxy of dopaminergic function suggest that this
modality may be particularly useful for measuring dopaminergic dys-
function in LLD (Cassidy et al., 2019). Neuromelanin is a product of
dopamine synthesis that accumulates in midbrain nuclei over the life-
span, particularly in the substantia nigra pars compacta (SNc), but
decreases through degeneration of dopamine neurons (as in PD). Future
studies may examine the extent to which older depressed patients have
reduced SNc neuromelanin and whether this is associated with re-
sponsivity to L-DOPA and other dopaminergic treatments.
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