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Cortical cholinergic denervation is associated with depressive
symptoms in Parkinson’s disease and parkinsonian dementia
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Aim: To investigate the relationship between ratings of
depressive symptoms and in vivo cortical acetylcholinesterase
(AChE) activity in subjects with Parkinson’s disease (PD) and
parkinsonian dementia (PDem).
Methods: Subjects (with PD, n = 18, including subjects with
PDem, n = 6, and normal controls, n = 10) underwent
[11C]methyl-4-piperidinyl propionate AChE positron emission
tomography imaging and clinical assessment including the
Cornell Scale for Depression in Dementia (CSDD).
Results: Subjects with PD and PDem had higher scores on the
CSDD compared with normal controls: 7.3 (5.4) and 2.8 (2.6),
respectively (F = 6.9, p = 0.01). Pooled analysis demonstrated a
significant inverse correlation between cortical AChE activity
and CSDD scores: R = 20.5, p = 0.007. This correlation
remained significant after controlling for Mini-Mental State
Examination scores.
Conclusion: Depressive symptomatology is associated with
cortical cholinergic denervation in PD that tends to be more
prominent when dementia is present.

D
epression is a frequent non-motor manifestation of
Parkinson’s disease.1 The pathophysiology of depression
in PD is complex and probably related to the dysfunction

of several neurotransmitter systems, including serotonin,
dopamine and norepinephrine.2 However, a recent meta-
analysis of depression treatment studies in PD found less
benefit from typical antidepressant treatment, particularly
selective serotonin reuptake inhibitors, than seen in elderly
patients without PD.3 A recent study on acute tryptophan
depletion also failed to identify a specific serotonergic vulner-
ability for depression in PD.4 Dopaminergic denervation is
unlikely to play a major role in depression, as antidepressant
effects of levodopa treatment in PD are generally modest.5

A relatively unique feature of depression in PD is that mood
disturbance is associated with a quantitative but not qualitative
worsening of cognitive deficits.6 This modulatory effect of
depression on cognitive impairment in PD suggests that a
common mechanism might underlie both types of symptoms.
We recently reported in vivo findings of more severe cholinergic
denervation in parkinsonian dementia (PDem) compared with
Alzheimer’s disease,7 and cholinergic degeneration may play a
significant role in the cognitive decline in PD.8 This raises the
question of whether depression in PD is, at least in part,
associated with cholinergic hypofunction.

METHODS
Subjects
The study involved 28 male subjects: 12 with PD, 6 with PDem
and 10 normal controls. There were no significant differences in
age among the groups (PDem 73.5 (9.2) years, PD 71.2
(7.7) years and normal controls 69.2 (8.8) years; F = 0.5, NS).
Subjects were diagnosed as having dementia if they met

Diagnostic and statistical manual for mental disorders—4th edition
(DMS-IV) criteria for dementia.9 The PDem group consisted of
subjects classified as having idiopathic PD with incident
dementia or dementia with Lewy bodies. Previously, we found
no significant difference in cortical acetylcholinesterase (AChE)
activity between subjects having PD with incident dementia
compared with those having dementia with Lewy bodies.7

Subjects with PDem had significantly lower Mini-Mental
State Examination (MMSE) scores than those with PD and
normal controls (PDem 24.7 (4.3), PD 27.9 (1.3) and normal
controls 29.4 (0.8), F = 9.1, p = 0.001).10 The Unified Parkinson’s
Disease Rating Scale (UPDRS) motor scores were not signifi-
cantly different between the PDem (33.8 (8.6)) and PD (26.2
(12.5)) groups but differed as expected from the control subjects
(1.8 (1.5)) (F = 27.5, p,0.001).11 The mean (SD) duration of
motor symptoms was 5.7 (4.1) years in the PD and 3.8
(2.3) years in the PDem groups. The mean (SD) duration of
dementia was 1.8 (2.6) years in the PDem group. None of the
subjects was taking antidepressants, anticholinergic or cholines-
terase inhibitor drugs. Dopaminergic drugs were withheld for
12–18 h before positron emission tomography (PET) imaging
and the UPDRS motor examination in the patients. The Cornell
Scale for Depression in Dementia (CSDD) was used to assess
depressive symptomatology.12 The Neuropsychiatric Inventory
Questionnaire (NPI-Q), the brief form of the Neuropsychiatric
Inventory, was also administered to the patients.13

Patients were recruited from the neurology clinics at the VA
Medical Center and University of Pittsburgh, Pittsburgh,
Pennsylvania, USA. The study was approved by the institutional
review boards, and informed consent was obtained from all
subjects.

AChE PET and brain MRI
The [11C]methyl-4-piperidinyl propionate (PMP) radioligand, a
selective substrate for AChE hydrolysis, was prepared as
described previously.14 Dynamic PET scanning was performed
for 80 min immediately after a bolus intravenous injection of
555 MBq (15 mCi) of [11C]PMP. A volumetric spoiled gradient
recall MRI was obtained using a 1.5 T scanner. Registration of
the PET and magnetic resonance datasets, magnetic resonance-
based region of interest analysis and kinetic analysis has been
reported previously.7 Mean neocortical [11C]PMP k3 activity
was calculated as a composite score from bilateral frontal,
parietal and lateral temporal cortices.

Statistical analysis
Multiple regression analysis was used to analyse depression
and MMSE Scores in relation to cerebral AChE levels.
Normative cognitive, mood and PET data were collected from

Abbreviations: AChE, acetylcholinesterase; CSDD, Cornell Scale for
Depression in Dementia; MMSE, Mini-Mental State Examination; NPI-Q,
Neuropsychiatric Inventory Questionnaire; PDem, parkinsonian dementia;
PET, positron emission tomography; PMP, methyl-4-piperidinyl propionate;
UPDRS, Unified Parkinson’s Disease Rating Scale
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normal controls. Unitailed analysis was used for the patient
groups in accordance with our a priori hypothesis of an inverse
relationship between the CSDD Scores and cortical AChE
activity in the subjects with PD and PDem. Scores of the single-
item depression and apathy questions of the NPI-Q were used
for a post hoc analysis.

RESULTS
Subjects with PD and PDem had higher scores on the CSDD
than normal controls: 7.3 (5.4) and 2.8 (2.6), respectively,
F = 6.9, p = 0.01. CSDD scores tended to be higher in PDem (9.7
(3.4)) than in those with PD (6.1 (5.9)), but were not
significantly different (t = 1.4, NS). Mean cortical AChE activity
was decreased in both subjects with PDem (218.8%) and PD
(211.4%) compared with normal controls (F = 6.2, p,0.01),
but did not differ significantly between the PDem and PD
groups (F = 1.8, NS). Pooled group analysis demonstrated a
significant inverse correlation between cortical AChE activity
and scores on the CSDD rating scale: R = 20.5, p = 0.007 (fig 1).

A significant inverse correlation was observed between CSDD
and MMSE Scores in the combined groups (R = 20.42,
p,0.05). Therefore, multiple regression analysis with cortical
AChE activity as the dependent variable and MMSE and CSDD
scores as independent regressors was performed. A significant
overall effect was observed for cortical AChE activity (F = 9.4,
p,0.001), with significant partial regressor effects for both the
CSDD (F = 5.8, p,0.05) and the MMSE scores (F = 7.8,
p,0.01) in the combined patient and control groups.

Analysis limited to the patients with PD and PDem confirmed
an inverse correlation between cortical AChE activity and CSDD
Score (R = 20.43, p,0.05). Regression analysis in the patients
with PD and PDem also demonstrated an overall significant
model (F = 3.7, p,0.05), with significant partial regressor
effects for both the CSDD rating (F = 3.6, p,0.05) and the
MMSE Scores (F = 3.2, p,0.05; table 1). There was no
significant correlation between UPDRS motor scores and
cortical AChE activity in the patients (R = 0.15, NS). There
were also no significant correlations between CSDD and MMSE
Scores (R = 20.16, NS), or between CSDD and UPDRS motor
scores in the patients (R = 0.22, NS).

A post hoc analysis was performed using scores on the single-
item depression and apathy scores of the NPI-Q scale in the
patients. Seven patients scored positive for either depression or
apathy and five patients scored positive for both symptoms.
Analysis of variance using cortical AChE as the dependent
parameter and the depression and apathy items as independent

variables demonstrated an overall significant model (F = 3.29,
p,0.05); a significant effect of decreased cortical AChE activity
and depression was observed in patients who reported
depression compared with those who did not (k3 hydrolysis
rates 0.0167 (0.0019) vs 0.0184 (0.0028), respectively; F = 3.72,
p,0.05). By contrast, there was a non-significant trend for
differences in AChE activity between patients reporting apathy
compared with those who did not (k3 hydrolysis rates 0.017
(0.0018) vs 0.0186 (0.0029), respectively; F = 2.86, p,0.1).

DISCUSSION
We found that depressive symptomatology was significantly
correlated with the severity of cortical cholinergic denervation.
This correlation remained significant after controlling for global
cognitive performance. In this study, we studied the combined
groups of PD and PDem to better extract information from the
spectrum of cognitive and mood non-motor symptoms in this
disorder, thereby eliminating a potentially arbitrary categorical
distinction. A recent study reported findings of concomitant
mood and cognitive impairments in a large series of patients
with PD.15 A significantly higher number of patients with
depression who, on testing, were found to have dementia, and a
significantly greater proportion of patients with depression
who, after 5 years, developed dementia suggested that depres-
sion in PD may be a forerunner of dementia.15 Cholinergic
hypofunction as a mechanism underlying depression-modu-
lated cognitive impairment may explain why depression is a
risk factor for dementia in PD.16 Previous studies have shown
that elderly patients with depression are often impaired on
tasks that require executive control processes and that a
decrement in cognitive processing resources may be a trait
marker of geriatric depression.17 A recent study has found more
treatment failures with the selective serotonin reuptake
inhibitor citalopram in geriatric patients with depression and
concomitant executive cognitive impairment than in patients
with geriatric depression alone, emphasising the potential need
for non-serotonergic antidepressant pharmacotherapy in such
patients.18

Our study does have some limitations, including the
relatively small sample size, the lack of an independent
measure of apathy and the study population being restricted
to men. Our limited post hoc analysis using NPI-Q apathy and
depression subscale data indicated that depression tended to be
more correlated with cortical cholinergic activity than apathy.

In conclusion, our findings provide support for a cholinergic
contribution to depressive symptoms in PD that tends to be
more prominent when the disease is complicated by dementia.
Further research is needed into the overlap with apathy, effects
of executive cognitive impairment and how this interacts with
the monoamine transmitter alterations in this disorder.
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CSDD, Cornell Scale for Depression in Dementia; MMSE, Mini-Mental State
Examination.
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