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ABSTRACT
Background Late onset depression (LOD) may precede 
the diagnosis of Parkinson’s disease (PD) or dementia 
with Lewy bodies (DLB). We aimed to determine the 
rate of clinical and imaging features associated with 
prodromal PD/DLB in patients with LOD.
Methods In a cross- sectional design, 36 patients 
with first onset of a depressive disorder (Diagnostic 
and Statistical Manual of Mental Disorders IV criteria) 
diagnosed after the age of 55 (LOD group) and 30 
healthy controls (HC) underwent a detailed clinical 
assessment. In addition, 28/36 patients with LOD and 
20/30 HC underwent a head MRI and 29/36 and 25/30, 
respectively, had dopamine transporter imaging by 123I- 
ioflupane single- photon emission computed tomography 
(SPECT) imaging. Image analysis of both scans was 
performed by a rater blind to the participant group. 
Results of clinical assessments and imaging results were 
compared between the two groups.
Results Patients with LOD (n=36) had significantly 
worse scores than HC (n=30) on the PD screening 
questionnaire (mean (SD) 1.8 (1.9) vs 0.8 (1.2); 
p=0.01), Movement Disorder Society Unified Parkinson’s 
Disease Rating Scale total (mean (SD) 19.2 (12.7) vs 
6.1 (5.7); p<0.001), REM- sleep behaviour disorder 
screening questionnaire (mean (SD) 4.3 (3.2) vs 2.1 
(2.1); p=0.001), Lille Apathy Rating Scale (mean (SD) 
−23.3 (9.6) vs −27.0 (4.7); p=0.04) and the Scales for 
Outcomes in PD- Autonomic (mean (SD) 14.9 (8.7) vs 
7.7 (4.9); p<0.001). Twenty- four per cent of patients 
with LOD versus 4% HC had an abnormal 123I- ioflupane 
SPECT scan (p=0.04).
Conclusions LOD is associated with increased rates 
of motor and non- motor features of PD/DLB and of 
abnormal 123I- ioflupane SPECTs. These results suggest 
that patients with LOD should be considered at increased 
risk of PD/DLB.

INTRODUCTION
Late onset depression (LOD) is defined as first onset 
of a depressive disorder after the age of 55 years 
with no history of significant depressive disorder. 
It has been postulated to be more likely due to an 
underlying organic brain disease than earlier onset 
depression.1 Vascular changes have been considered 
in the pathology of LOD with reports of increased 
white matter lesions in patients with LOD,2 3 
although this is not universally accepted.4 Studies 
have also suggested that up to 40% of patients 

with LOD develop dementia, including Alzhei-
mer’s disease (AD) and dementia with Lewy bodies 
(DLB).5

At least 10 years prior to the emergence of motor 
features, non- motor symptoms can present during 
the prodromal phase of Parkinson’s disease (PD), 
such as autonomic dysfunction, sleep disorder 
(REM- sleep behaviour disorder (RBD)), loss of 
sense of smell, and neuropsychiatric features 
including anxiety, depression and apathy.6 Retro-
spective studies have reported depression and 
anxiety up to two decades7 prior to PD diagnosis, 
and in register- based studies diagnosis of depres-
sive disorders has been associated with a signifi-
cantly higher rate of PD,8 suggesting depressive 
disorders starting in later life can represent the first 
presentation of PD. However, no study to date has 
investigated whether clinical or imaging markers 
suggestive of prodromal PD or DLB are increased 
specifically in LOD. Using clinical assessments and 
dopamine transporter imaging, we hypothesised 
that patients with LOD would have an increased 
rate of clinical features and dopaminergic deficit 
typically associated with PD or DLB.

METHODS
Patients
Between March 2015 and June 2017, 36 patients 
aged 55 years and older were recruited from old- age 
psychiatry services, primary care services, voluntary 
organisations and via public advertising in the UK. 
Inclusion criteria were a current or previous clinical 
diagnosis of either major depressive disorder, mixed 
anxiety and depressive disorder, minor depressive 
disorder or dysthymia (as per the Diagnostic and 
Statistical Manual of Mental Disorders IV criteria), 
with onset after the age of 55 years and a disease 
duration of ≤10 years. Exclusion criteria were 
an existing diagnosis of PD or a neurodegenera-
tive condition, a mood disorder as a reaction to a 
severe life event such as a bereavement or a life- 
threatening illness, a diagnosis of bipolar affective 
disorder and/or medication- induced depression or 
untreated systemic disorders (eg, hypothyroidism). 
Thirty healthy controls (HC) without evidence of 
a depressive disorder and without a diagnosis of a 
neurodegenerative condition were also recruited. 
Standard exclusion criteria for imaging studies were 
applied.
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Standard protocol approvals, registrations and patient 
consents
Permission to use radioactive substances was obtained from the 
Radioactive Substances Advisory Committee (ARSAC).

Role of the funding source
The funders had no involvement in the study design, in the 
collection, analysis and interpretation of data or in the writing 
of the report. The corresponding author has full access to all the 
data in the study and had final responsibility for the decision to 
submit for publication.

Clinical assessment
Participants were assessed using the following: Patient Health 
Questionnaire 9 (PHQ-9), Hospital Anxiety and Depression 
Scale (HADS), Movement Disorder Society Unified Parkinson’s 
Disease Rating Scale (MDS UPDRS) (conducted by a researcher 
experienced and trained in undertaking the MDS- UPDRS assess-
ments) Montreal Cognitive Assessment (MoCA), Frontal Assess-
ment Battery (FAB), Lille Apathy Rating Scale (LARS), REM 
Sleep Behaviour Disorder Single- Question Screen (RBD1Q), 
The REM Sleep Behaviour Disorder Screening Questionnaire 
(RBDSQ), Parkinson’s Disease Sleep Scale (PDSS), Parkin-
son’s disease screening questionnaire (PD screening), Scales for 
Outcomes in Parkinson’s disease- Autonomic (SCOPA- AUT) and 
the University of Pennsylvania Smell Identification Test (UPSIT), 
UK version (for references, see online supplemental material). 
Demographic data included family history of PD or dementia, 
a history of smoking, cardiovascular risk score (QRISK2-2017; 
https:// qrisk. org/ 2017/) and medication history.

The FAB was not completed by three patients with LOD and 
the PDSS by one HC. One HC was excluded from the MDS 
UPDRS motor examination subscale as they could not complete 
the full examination due to a leg injury.

The following cut- offs were used to denote abnormal scores on 
clinical assessments: PHQ-9 ≥5, MoCA <23, FAB <12, LARS 
≥−21, HADS (depression (HADS- D) and anxiety (HADS- A) 
rated separately) each ≥8, RBDSQ≥5, the single RBD ques-
tionnaire (RBD1Q; a score of “yes” on the following question; 
“Have you ever been told, or suspected yourself, that you seem 
to "act out your dreams” while asleep (for example, punching, 
flailing your arms in the air, making running movements, etc.)?”. 
Items from the MDS- UPDRS motor examination were used to 
calculate subthreshold parkinsonism/mild parkinsonian signs 
(MPS)≥6, and a cut- off of ≥5 was used for the PD screening 
questionnaire. For the UPSIT, participants with a score ≤the 
15th percentile of an age and gender matched population were 
classed as having hyposmia. Cut- off scores for the PDSS (<99.7) 
and the SCOPA- AUT (>14.2) were calculated scores±1 SD from 
control group means in the original validation studies (PDSS; 
120.7 (SD 21), SCOPA- AUT; 8.8 (SD 5.4). In addition to using 
the MDS UPDRS motor examination items to calculate MPS, 
subscores were calculated for axial symptoms, bradykinesia, 
rigidity and tremor (for references, see online supplemental 
material).

123I-ioflupane SPECT protocol
Twenty- nine patients with LOD and 25 HC underwent dopa-
mine transporter imaging with 123I- ioflupane SPECT, performed 
at two different research sites, both using the Siemens Symbia 
Dual Headed Scanner (with a high- resolution parallel hole 
collimator). Prior to the scan, participants were given thyroid 
blocking medication. A single intravenous 123I- ioflupane SPECT 

injection (DaTSCAN, GE Healthcare, Amersham UK) was 
administered with a volume of 2.5 mL and radioactivity between 
111–185 MBq. Three to 4 hours after the injection, participants 
underwent a SPECT scan measuring binding to the presynaptic 
dopamine transporter in the striatum. SPECT was acquired in 
a 128*128 matrix obtaining 120 frames over 360°. The scans 
were reconstructed using GE Healthcare DaTQUANT with 
OSEM 2×10 with a Butterworth filter 0.6 cut- off and corrected 
for attenuation by the Chang method. Blinded visual assessment 
of the images was performed according to published criteria9 
(figure 1) with images categorised as normal (including equiv-
ocal; striatal dopamine transporter binding slightly reduced 
but within normality and possibly due to a normal variant or 
a consequence of age), abnormal type 1 (asymmetric activity, 
eg, activity in the region of the putamen of one hemisphere is 
absent or greatly reduced with respect to the other), abnormal 
type 2 (activity is absent in the putamen of both hemispheres and 
confined to the caudate nuclei), abnormal type 3 (activity absent 
in the putamen of both hemispheres and greatly reduced in one 
or both caudate nuclei). An additional rating of balanced striatal 
loss (balanced loss to the caudate nuclei and putamen with high 
levels of back ground activity) was included, given reports of this 
pattern of uptake present in those with DLB.10

MRI
Twenty- eight patients with LOD and 20 HC also had a structural 
MRI head scan using either a Philips 1.5 T (n=36) or 3 T (n=12) 
scanner at two sites using the following sequences; 3D T1 (175 
slices, thickness 1 mm, Field of view 240×240×175), T2, FLAIR 
and T2FFE (22 slices, thickness 6 mm, FOV 230×184×145). 
Blinded visual ratings were undertaken of the MR images for 
white matter lesions and atrophy using Fazekas, Koedam and 
global cortical atrophy (GCA) and medial temporal atrophy 
(MTA) rating scales.11–14 Additionally, the Geodesic Information 
Flows framework15 for brain parcellation was applied to calculate 
subcortical volumes for the following regions: third and fourth 
ventricles and left and right volumes of the putamen, caudate 
amygdala and hippocampus. Hippocampus volumes included 
the dentate gyrus, the ammonic subfields (CA1, CA2, CA3, and 
CA4), the prosubiculum and the subiculum. Global white matter 
and grey matter volumes were also calculated by the sum of the 
white and grey matter regions, respectively. The volumes were 
provided in cubic millimetres (mm³). White matter lesion load 
was also investigated by coregistering T1 and Fluid- attenuated 
inversion recovery (FLAIR) sequences for optimal segmentation 
and then obtained using the using the Bayesian Model Selection 
(BaMoS) framework.16

Statistical analysis
The main analysis was the comparison between patients with 
LOD and HCs. Histograms and QQ plots were used to check 
the distribution of variables. For continuous data, independent 
sample t- tests for normally distributed data and Mann- Whitney 
U tests for non- normally distributed data were used. χ2 tests and 
Fisher’s exact tests (for smaller numbers) were used for compar-
ison of categorical data. To account for the effect of medications 
on motor, RBD and hypotension/autonomic dysfunction related 
clinical scores, secondary analysis was run with participants on 
the relevant medications excluded. For the volumetric MR anal-
ysis, subcortical volumes and white matter lesion load were log 
transformed and differences in white matter lesion load, subcor-
tical and global WM and GM volumes between groups were 
analysed using analysis of covariance (ANCOVA). The following 
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variables were included as covariates: age, gender, total intracra-
nial variability and the type of scanner used (as one site used a 
1.5 T and another site a 3T scanner). Analyses were performed 
using SPSS V.22.

RESULTS
The demographic details and cardiovascular risk factors of the 
two groups are listed in table 1. All were comparable, although 
those in the LOD group took more antihypertensive medication. 
Ten patients with LOD had a family history of dementia (eight 
first degree relatives) and two had relatives with PD (one with a 
first degree relative). Four HC had a family history of dementia 

(two with a first degree relative) and two HC had a second 
degree relative with PD.

Patients with LOD had been experiencing symptoms of depres-
sion/anxiety for a mean (SD) of 3.3 years (±2.8) with 30 (83%) 
having active depression as assessed by the PHQ-9. However, on 
average the symptoms were mild (mean (SD) 9.1 (6.3)). Seven-
teen (47%) of patients with LOD were taking medication(s) for 
the treatment of symptoms associated with depression/anxiety; 
13 (36%) were taking a selective serotonin reuptake inhibitor; 
three (8%) a serotonin and norepinephrine reuptake inhibitor; 
2 (6%) a tricyclic agent; 2 (6%) a neuroleptic, and 1 (3%) an 
anticonvulsant as a mood stabiliser.

Motor symptoms
The LOD group had significantly higher scores (mean (SD)) than 
the HC group on the PD screening scale (1.8 (1.9) vs 0.8 (1.2); 
p=0.01) and the total MDS- UPDRS (19.2 (12.7) vs 6.1 (5.7); 
p<0.001) (table 2). On average, the LOD group also scored 
significantly higher on all the MDS- UPDRS subscales, including 
part I: nM- Experiences of Daily Living (EDL; mean 14.0 (SD 
8.6) vs 4.1 (3.5); p<0.001), part II: M- EDL (3.5 (3.9) vs 1.3 
(2.0); p=0.007), and the motor examination score (2.3 (2.7) vs 
1.3 (2.0); p=0.003) (part III). Group differences on the MPS 
score did not reach significance. There were also significant 
differences in part III subscores for rigidity (0.7 (1.2) vs 0.1 (0.4); 
p=0.005) and bradykinesia (1.2 (1.8) vs 0.5 (1.1); p=0.02).

Non-motor symptoms
As expected, patients with LOD had significantly higher scores 
(mean (SD)) than HC on the HADS depression (7.1 (4.6) vs 1.2 
(1.0); p<0.001) and HADS anxiety scales (9.6 (5.1) vs 1.2 (1.0); 

Figure 1 Examples of 123I- ioflupane SPECTs from the study and their visual ratings (transversal SPECT slices at the level of the striatum). (A) Normal. (B) 
Equivocal. (C) Abnormal type 1. (D) Abnormal type 2. (E) Balanced striatal loss. L, left side; R, right side.

Table 1 Baseline characteristics

LOD (n=36) HC (n=30) P value

Mean (SD) age in years 67.4 (7.8) 70.6 (9.3) 0.13

Male/female n (%) 14 (39)/22 (61) 11 (37)/19 (63) 0.53

Caucasian n (%) 32 (89) 29 (97) 0.45

Family history of PD/dementia (%) 12 (33) 6 (20) 0.18

<12 years education n (%) 10 (28) 7 (23) 0.45

  Mean Q risk score† (SD) 18.6 (11.0) 19.3 (11.6) 0.92

Antihypertensive treatment n (%) 15 (42) 6 (20) 0.05

Diabetes mellitus n (%) 5 (13.9) 3 (10) 0.46

Current/previous smoker* n (%) 20 (55) 12 (40) 0.16

Independent samples t- test, Mann- Whitney U test and Fisher’s exact
*Current and ex- smoker versus non- smoker.
†Cardiovascular risktest calculator using age, sex, ethnicity, smoking status, diabetes 
statusand evidence of; chronic kidney disease, atrial fibrillation, blood pressuretreatment 
and Rheumatoid arthritis.
LOD, patients with late onset depressive disorder; HC, healthy controls; PD, Parkinson’s 
disease
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p<0.001) and had higher PHQ-9 scores (9.1 (6.3) vs 1.4 (1.9); 
p=0.02) (table 3). The LOD group also had significantly higher 
scores than HC on the RBDSQ (4.3 (3.2) vs 2.1 (2.1); p=0.001), 
and the RBD1Q (10 (27.8%) vs 2 (6.7%); p=0.02). The LOD 
group had worse overall sleep dysfunction as assessed on the 
PDSS (98.1 (SD 24.4) vs 127.6 (13.1); p<0.001), and apathy 
scores on the LARS than HC (mean −23.3 (SD 9.6) vs -27.0 
(4.7); p=0.04). On average patients with LOD also had worse 
autonomic dysfunction than HC (SCOPA AUT; 14.9 (8.7) vs 7.7 
(4.9); p<0.001). There were no significant group differences on 
the MoCA, FAB or UPSIT.

After excluding participants on medications that could 
contribute to motor and non- motor features such as RBD or 
hypotension/autonomic dysfunction scores, the group differ-
ences in the clinical scores remained significant in the UPDRS 
motor examination (p=0.004), the RBDSQ (p=0.02) and the 
SCOPA- AUT (p=0.001) (online supplemental data; online 
supplemental table e1).

Online supplemental figure e1 (online supplemental data) 
shows the number of participants that had abnormal scores on 
the clinical scales when using cut- offs. An analysis dichotomising 
the clinical scores showed similar results.

123I-ioflupane SPECT imaging
The 29 patients with LOD and 25 HC who had a 123I- ioflupane 
SPECT had comparable demographics and clinical scores to the 
overall group (online supplemental data; online supplemental 
table e2).

There was a significantly higher number of patients with LOD 
who had 123I- ioflupane SPECT with abnormal visual ratings than 
HC (p=0.04; table 4). These included two patients with LOD 
with abnormal type 1, two with type 2 and three with balanced 
striatal loss. One HC had an abnormal 123I- ioflupane SPECT 
with balanced striatal loss. Twenty- two patients with LOD were 
rated as having normal scans including two rated as equivocal. 
Twenty- four HCs were rated as having normal scans including 
three rated as equivocal.

In the LOD group, those with abnormal 123I- ioflupane SPECT 
had significantly worse scores than those with normal 123I- io-
flupane SPECT on the UPDRS motor part III, MoCA and FAB 
assessments and UPSIT scores (all p<0.05) (tables 5–7).

Structural MR imaging
There were no significant differences between patients with 
LOD (n=28) and HC (n=20) in mean ratings of atrophy (GCA, 

Table 2 Assessment scores of motor features in patients with late 
onset depressive disorder (LOD) and healthy controls (HC)

Assessment LOD (n=36) HC (n=30) P value

  Mean (SD)

PD screening questionnaire 1.8 (1.9) 0.8 (1.2) 0.01

MDS- UPDRS Total 19.2 (12.7) 6.1 (5.7) <0.001

Non motor- EDL (part I) 14.0 (8.6) 4.1 (3.5) <0.001

Motor- EDL (part II) 3.5 (3.9) 1.3 (2.0) 0.007

Motor examination (part III) 2.3 (2.7) 0.7 (1.3)* 0.003

Sum of axial subscore* 0.19 (0.5) 0.03 (0.2) 0.15

Sum of bradykinesia subscore* 1.23 (1.8) 0.52 (1.1) 0.02

Sum of rigidity subscore 0.67 (1.2) 0.10 (0.4) 0.005

Sum of tremor subscore 0.14 (0.4) 0.07 (0.4) 0.26

Mann- Whitney U test.
*One HC did not complete the MDS- UPDRS motor examination.
EDL, Experiences of Daily Living; MDS- UPDRS, Movement Disorder Society Unified 
Parkinson’s Disease Rating Scale; PD, Parkinson’s disease.

Table 3 Assessment scores of non- motor symptoms in patients with 
late onset depressive disorder (LOD) and healthy controls (HC)

Assessment LOD (n=36)* HC (n=30)* P value

RBDSQ mean (SD) 4.3 (3.2) 2.1 (2.1) 0.001

RBD1Q “yes” n (%) 10 (27.8) 2 (6.7) 0.02

SCOPA- AUT mean (SD) 14.9 (8.7) 7.7 (4.9) <0.001

PDSS mean (SD) 98.1 (24.4) 127.6 (13.1) <0.001

UPSIT mean (SD) 30.7 (5.7) 29.5 (6.6) 0.43

MoCA mean (SD) 26.0 (3.6) 26.5 (2.7) 0.51

FAB mean (SD) 17.1 (1.1) 17.0 (1.3) 0.85

LARS mean (SD) −23.3 (9.6) −27.0 (4.7) 0.04

PHQ-9 mean (SD) 9.1 (6.3) 1.4 (1.9) 0.02

HADS- D mean (SD) 7.1 (4.6) 1.2 (1.0) <0.001

HADS- A mean (SD) 9.6 (5.1) 2.8 (2.8) <0.001

Independent samples t test, Mann- Whitney U test and Fisher’s exact.
*Three LOD did not complete the Frontal Assessment Battery (FAB) and one HC did 
not complete the PDSS.
HADS, Hospital Anxiety and Depression Scale; HADS- A, HADS anxiety subscale; 
HADS- D, HADS depression subscale; LARS, Lille Apathy Rating Scale; MoCA, 
Montreal Cognitive Assessment; PDSS, Parkinson’s Disease Sleep Scale; PHQ-
9, Patient Health Questionnaire-9; RBD1Q, REM Sleep Behaviour Disorder 
Single- Question Screen; RBDSQ, The REM Sleep Behaviour Disorder Screening 
Questionnaire; SCOPA- AUT, Scales for Outcomes in Parkinson’s Disease- Autonomic; 
UPSIT, University of Pennsylvania Smell Identification Test.

Table 4 123I- ioflupane SPECT visual ratings in patients with late 
onset depressive disorder (LOD) and healthy controls (HC)

123I- ioflupane rating Rating type
LOD (n=29)
n (%)

HC (n=25)
n (%) P value

Normal Normal 20 (69) 21 (84)

Equivocal 2 (7) 3 (12)

Total normal 22 (76) 23 (96)

Abnormal Abnormal type 1 2 (7) 0 (0)

Abnormal type 2 2 (7) 0 (0)

Abnormal type 3 0 (0) 0 (0)

Striatal loss 3 (10) 1 (4)

Total abnormal 7 (24) 1 (4) 0.04

Fisher’s exact comparing number of normal and abnormal 123I- ioflupane SPECTs.

Table 5 Motor features scores in patients with late onset depressive 
disorder (LOD) with abnormal versus normal 123I- ioflupane SPECT 
ratings

Clinical assessments Abnormal (n=7) Normal (n=22) P value

  Mean (SD)

PD screening questionnaire 2.9 (2.7) 1.7 (1.7) 0.41

MDS UPDRS total 22.1 (15.0) 19.8 (12.9) 0.71

Non- motor EDL (part I) 13.4 (10.6) 14.1 (8.3) 0.77

Motor- EDL (part II) 4.1 (3.8) 3.4 (4.3) 0.41

UPDRS motor examination (part III) 4.6 (2.2) 2.2 (2.7) 0.01

Sum of axial subscore 0.43 (0.79) 0.18 (0.50) 0.57

Sum of bradykinesia subscore 1.71 (0.49) 1.5 (2.22) 0.14

Sum of rigidity subscore 2.29 (1.70) 0.27 (0.55) 0.002

Sum of tremor subscore 0.14 (0.38) 0.18 (0.50) 1.00

Mann- Whitney U test.
EDL, Experiences of Daily Living; LOD, late onset depressive disorder; MDS- 
UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; PD, 
Parkinson’s disease.;
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Koedam and MTA scales) or white matter lesions (Fazekas scale). 
Volumetric measurement of the right amygdala and hippo-
campus showed a trend for smaller volumes in the LOD group, 
but there were no differences in volumes of the third and fourth 
ventricles, putamen, caudate nucleus, global white and grey 
matter and white matter lesion load (online supplemental data; 
online supplemental table e3).

One year clinical follow up
All participants were invited for review at 1 year. However, only 
13 patients with LOD and 9 HC participated. None reported a 
diagnosis of PD or DLB or other neurodegenerative disorder. 
Change in clinical assessment scores from baseline to the 1- year 
follow- up was expressed as differences of mean scores for both 
the LOD and HC groups. There were significant group differ-
ences between the change in HADS- A and HADS- D scores, 
which increased in HC and decreased in patients with LOD. On 
the other hand, RBDSQ and SCOPA- AUT scores significantly 
increased in the LOD group and decreased in the HC. There was 
also a greater increase in the MDS- UPDRS scores in the LOD 

group (mean change 3.2 (SD 8.1) than in HC (mean change 0.8 
(SD 0.5)) but this difference was not statistically significant.

DISCUSSION
This study shows that LOD is associated with increased rates of 
both motor and non- motor prodromal features of PD and DLB 
and with abnormal 123I- ioflupane SPECT scan findings typically 
seen in PD and DLB. While the reported symptoms of anxiety, 
apathy and sleep dysfunction may be explained by the depressive 
disorder alone, cognitive impairment and symptoms of auto-
nomic dysfunction including constipation and urinary symptoms 
are unlikely to be seen in depressive disorders other than in severe 
forms and our cohort had mild symptoms. This makes it unlikely 
that most of the non- motor features were due to a depressive 
syndrome alone. However, they are recognised features of the 
prodromal phase of PD and DLB. The LOD group also had 
significantly higher rates of more specific features of prodromal 
PD and DLB, including RBD (RBDSQ and RBD1Q) and motor 
features.Rigidity and bradykinesia scores, and the self- completed 
parts of MDS- UPDRS showed significantly higher scores in LOD 
group than in HC. It is noteworthy that differences were not 
significant in the axial features with general body bradykinesia 
(slowing of speech, loss of facial expression and body bradyki-
nesia), as typically seen in patients with depression, but were 
particularly present in the rigidity and limb bradykinesia scores. 
In addition, patients with LOD also scored significantly higher 
on the specific PD- screening questionnaire.

A blinded evaluation of 123I- ioflupane SPECT demonstrated 
an underlying nigrostriatal deficit in 7 out of 29 patients with 
LOD with patterns usually associated with PD9 and DLB.10 
Previous investigations of striatal dopamine transporter in those 
with major depression (with no studies specific to LOD) have 
reported mixed results, possibly due to inclusion of different 
populations of patients, types of depressive disorder and the 
use of different imaging tracers. The majority of studies using 
99mTc- TRODAT-1 reported greater dopamine transporter avail-
ability in the striatum in patients with major depressive disorder 
and in patients with bipolar affective disorder.17–19 However, 
studies using the 123I-β-CIT SPECT radioligand in patients with 
depression and controls have reported conflicting results with 
reports of a reduction in dopamine transporter binding in the 
left striatum in patients with symptoms of depression with a 
seasonal affective disorder20 but also significantly higher dopa-
mine transporter binding on both sides of the striatum in 15 
drug free patients with major depression with young age of onset 
in comparison to controls.21 To our knowledge, only one small 
study has previously performed 123I- ioflupane SPECT imaging 

Table 6 Non- motor symptoms scores in patients with late onset 
depressive disorder (LOD) with abnormal versus normal 123I- ioflupane 
SPECT ratings

Clinical assessments Abnormal (n=7) Normal (n=22) P value

RBDSQ mean (SD) 4.4 (3.3) 4.9 (3.4) 0.86

RBD1Q n (%) 3 (42.8) 7 (31.8) 0.46

PDSS mean (SD) 102.7 (20.6) 93.0 (26.2) 0.38

UPSIT mean (SD) 21.7 (4.9) 33.3 (3.2) <0.001

MoCA mean (SD) 22.1 (3.5) 26.2 (3.1) 0.01

FAB mean (SD) 16.2 (1.9)* 17.4 (0.7)* 0.02

LARS mean (SD) −19.0 (11.9) −23.2 (9.7) 0.26

PHQ-9 mean (SD) 9.1 (7.9) 9.5 (6.4) 0.78

HADS- D mean (SD) 9.3 (6.1) 6.7 (4.5) 0.44

HADS- A mean (SD) 8.9 (5.1) 10.3 (5.5) 0.60

SCOPA- AUT mean (SD) 19.3 (11.2) 13.0 (7.3) 0.20

Independent samples t- test, Mann- Whitney U test and Fisher’s exact test.
*Two abnormal 123I- ioflupane SPECT patients with LOD and one normal 123I- 
ioflupane SPECT patient with LOD did not complete the Frontal Assessment Battery 
(FAB).
HADS, Hospital Anxiety and Depression Scale; HADS- A, HADS anxiety subscale; 
HADS- D, HADS depression subscale; LARS, Lille Apathy Rating Scale; MoCA, 
Montreal Cognitive Assessment; PDSS, Parkinson’s Disease Sleep Scale; PHQ-9, 
Patient Health Questionnaire-9; RBD1Q, REM Sleep Behaviour Disorder Single 
Questionnaire; RBDSQ, The REM sleep Behaviour Disorder Screening Questionnaire; 
SCOPA- AUT, Scales for Outcomes in Parkinson’s Disease- Autonomic; UPSIT, 
University of Pennsylvania Smell Identification Test.

Table 7 Abnormal clinical scores in participants with an abnormal 123I- ioflupane SPECT (late onset depression (LOD) n=7, healthy controls (HC) 
n=1)

Participant 
group

Age in 
years

Male/
female

Family 
history

PD screening
questionnaire MPS RBDSQ RBD1Q

SCOPA- 
AUT MoCA FAB

UPSIT
percentile LARS PDSS HADS- A HADS- D PHQ-9

LOD 
duration 
(years)

LOD 60 M A     A 13th A A A A 2

LOD 63 M A A A 22 N/A 11th A A A A A 4

LOD 64 M D     A   15th A A A A 10

LOD 76 M A     A 19 N/A A   A 2

LOD 76 M           16 15th         6

LOD 77 M   A A A A 10th   A   2

LOD 79 M   A         A A A A 2

HC 56 M PD                     –

A, abnormal score; D, dementia; FAB, Frontal Assessment Battery; HADS, Hospital Anxiety and Depression Scale; HADS- A, HADS Anxiety Subscale; HADS- D, HADS Depression Subscale; LARS, Lille Apathy Rating Scale; MoCA, Montreal Cognitive 
Assessment; MPS, Mild Parkinsonian Signs; N/A, missing data; PD, Parkinson’s disease; PDSS, Parkinson’s Disease Sleep Scale; PHQ-9, Patient Health Questionnaire-9; RBD1Q, REM Sleep Behaviour Disorder Single- Question Screen; RBDSQ, The REM 
sleep Behaviour Disorder Screening Questionnaire; SCOPA- AUT, Scales for Outcomes in Parkinson’s disease- Autonomic; UPSIT, University of Pennsylvania Smell Identification Test.
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in patients with depressive disorder.22 Dopamine transporter 
binding in 11 patients with a major depressive disorder who had 
anhedonia as a predominant feature (mean age of 41.1, SD 11.9; 
with patients over 60 years of age excluded) compared with nine 
HC, reported that dopamine transporter binding in the striatum 
was reduced bilaterally.22

The association between depression and the subsequent risk 
of developing PD is well described.8 23 The possibility that LOD 
is a prodromal feature of PD or DLB is further strengthened 
by this study which shows that the clinical features of motor 
and non- motor dysfunction seen in PD were more commonly 
present in those patients with LOD with an abnormal dopa-
mine transporter scan than in those with a normal scan. All our 
patients with LOD with abnormal 123I- ioflupane SPECT find-
ings had clinical features previously described in prodromal PD 
and DLB,24–26 suggesting that they reflect the underlying disease 
process in these patients.

Using MRI, a number of studies have reported loss of hippo-
campal volumes in major depression compared with HCs,27 28 
particularly in those with LOD,28–30 suggesting an association 
with AD. An association between LOD and AD has further 
been supported by a large epidemiological study that reported 
that 41% of older patients with MCI and recent active depres-
sion progressed to AD in comparison to 32% of patients with 
a remote history of depression.31 A further study reported that 
higher plasma Aβ42 at baseline was a positive predictor for the 
first episode of LOD in patients with mean age of 75.8 years (SD 
0.5).32 In our study, there was a trend for reduced right amyg-
dala and hippocampal volumes in the LOD group which did not 
reach significance. Increased vascular pathology with increased 
white matter lesions33–35 has also been reported in LOD. In 
contrast, in this study, we did not find any difference in vascular 
pathology or risk factors associated with LOD. These findings 
are in keeping with autopsy studies that found no evidence of 
cerebrovascular or AD- related lesions in patients with late life 
depression.36 However, our study was not specifically designed 
to address these questions and more specific studies with larger 
sample sizes and dedicated imaging modalities are required to 
investigate the association of LOD and other vascular and neuro-
degenerative disorders.

Limitations
The main limitation of this study is its cross- sectional nature. 
However, given the slowly progressive course of early PD, only 
a very large or long- term study would allow definite validation 
that LOD with abnormal 123I- ioflupane SPECT is a precursor of 
PD or DLB. Another limitation was the use of the RBD question-
naires. Only a polysomnography can definitely confirm clinical 
RBD. It is however unlikely that there was a bias towards greater 
rates of RBD using both the full RBDSQ and the short RBD1Q.

Use of different MR scanners (1.5 T and 3 T) may have 
reduced the likelihood of finding abnormalities. In addition, 
it is possible that medications may have affected some clinical 
and 123I- ioflupane SPECT findings. However, group differences 
persisted when those taking medications potentially affecting 
clinical ratings were excluded, and antidepressants and neurolep-
tics are not thought to significantly interfere with visual ratings 
of 123I- ioflupane SPECT.37 38 Finally, it should be noted that the 
sample size used in this pilot study was small and confirmation of 
the results with a bigger sample size is recommended.

In conclusion, our results suggest that individuals with LOD 
should be considered at increased risk of developing PD or DLB. 

The approach for these patients should be similar to that for 
patients with RBD or anosmia.

Author affiliations
1Department of Clinical and Movement Neuroscience, UCL Institute of Neurology, 
London, UK
2Division of Psychiatry, University College London, London, UK
3St Margaret’s Hospital, Essex Partnership University NHS Foundation Trust, Essex, UK
4Department of Radiology and Nuclear Medicine, Amsterdam UMC, Academic 
Medical Center, University of Amsterdam, Amsterdam, The Netherlands
5Atkinson Morley Regional Neuroscience Centre, St George’s University Hospitals 
NHS Foundation Trust, London, UK
6Lysholm Department of Neuroradiology, National Hospital for Neurology and 
Neurosurgery, London, UK
7School of Biomedical Engineering and Imaging Sciences, King’s College London, 
London, UK
8Dementia Research Centre, Department of Neurodegenerative Disease, University 
College London Institute of Neurology, London, UK
9Centre for Outcomes Research and Effectiveness, Research Department of Clinical, 
Educational & Health Psychology, University College London, London, UK
10iCope, Camden and Islington Psychological Therapies Services, Camden & Islington 
NHS Foundation Trust, Camden & Islington NHS Foundation Trust, London, UK

Contributors Design and conceptualisation of the study: A- ES, ZW and JB. 
Acquisition and analysis of the data: HK and A- ES. Recruitment of the IAPT 
sample: JEJB. Interpretation of the data:HK, A- ES and ZW. Drafting and revising the 
manuscript for intellectual content: HK, A- ES, ZW, JB, JEJB. Visual analysis of the 
MR scans: FK and SS. Processing the MR images, providing the volumetric data and 
advice on the analysis of the volumetric data: CHS.

Funding University College London (no grant code), GE Healthcare (DAT-12-
02 LOD (Late Onset Depression Study), AS was funded by the UCL/H Biomedical 
Research Centre (no grant code), JEJB was funded through a Clinical Research 
Fellowship by the Wellcome Trust (grant reference code: 201292/Z/16/Z).

Competing interests ZW has received consultancy fees, travel expenses and 
research support from GE Healthcare and research support from Life molecular 
imaging. A- ES has received research support from GE Healthcare. JB has received 
research support from GE Healthcare (paid to the institution)

Patient consent for publication Not required.

Ethics approval All participants gave informed consent to participate in the study, 
which was approved by the Health Research Authority National Research Ethics 
Committee London- Hampstead (13/LO/0634).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Anette 
Schrag ORCID 0000-0002-9872-6680.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Hiba Kazmi http:// orcid. org/ 0000- 0003- 2962- 598X
Anette- Eleonore Schrag http:// orcid. org/ 0000- 0002- 9872- 6680

REFERENCES
 1 Gallagher D, Mhaolain AN, Greene E, et al. Late life depression: a comparison of risk 

factors and symptoms according to age of onset in community dwelling older adults. 
Int J Geriatr Psychiatry 2010;25:981–7.

 2 Van den Berg MD, Oldehinkel AJ, Bouhuys AL, et al. Depression in later life: three 
etiologically different subgroups. J Affect Disord 2001;65:19–26.

 3 Schwichtenberg J, Al- Zghloul M, Kerl HU, et al. Late- Onset major depression is 
associated with age- related white matter lesions in the brainstem. Int J Geriatr 
Psychiatry 2017;32:446–54.

copyright.
 on D

ecem
ber 16, 2020 by guest. P

rotected by
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2020-324266 on 2 D

ecem
ber 2020. D

ow
nloaded from

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2962-598X
http://orcid.org/0000-0002-9872-6680
http://dx.doi.org/10.1002/gps.2438
http://dx.doi.org/10.1016/S0165-0327(00)00263-9
http://dx.doi.org/10.1002/gps.4487
http://dx.doi.org/10.1002/gps.4487
http://jnnp.bmj.com/


7Kazmi H, et al. J Neurol Neurosurg Psychiatry 2020;0:1–7. doi:10.1136/jnnp-2020-324266

Movement disorders

 4 Tsopelas C, Stewart R, Savva GM, et al. Neuropathological correlates of late- life 
depression in older people. Br J Psychiatry 2011;198:109–14.

 5 Fiske A, Wetherell JL, Gatz M. Depression in older adults. Annu Rev Clin Psychol 
2009;5:363–89.

 6 Schrag A, Horsfall L, Walters K, et al. Prediagnostic presentations of Parkinson’s 
disease in primary care: a case- control study. Lancet Neurol 2015;14:57–64.

 7 Gustafsson H, Nordström A, Nordström P. Depression and subsequent risk of 
Parkinson disease: a nationwide cohort study. Neurology 2015;84:2422–9.

 8 Wang S, Mao S, Xiang D, et al. Association between depression and the subsequent 
risk of Parkinson’s disease: a meta- analysis. Prog Neuropsychopharmacol Biol 
Psychiatry 2018;86:186–92.

 9 Benamer HTS, Patterson J, Grosset DG, et al. Accurate differentiation of parkinsonism 
and essential tremor using visual assessment of [123I]-FP- CIT SPECT imaging: The 
[123I]-FP- CIT study group. Movement Disorders 2000;15:503–10.

 10 Walker Z, Costa DC, Walker RWH, et al. Striatal dopamine transporter in 
dementia with Lewy bodies and Parkinson disease: a comparison. Neurology 
2004;62:1568–72.

 11 Fazekas F, Chawluk JB, Alavi A, et al. Mr signal abnormalities at 1.5 T in Alzheimer’s 
dementia and normal aging. AJR Am J Roentgenol 1987;149:351–6.

 12 Koedam ELGE, Lehmann M, van der Flier WM, et al. Visual assessment of posterior 
atrophy development of a MRI rating scale. Eur Radiol 2011;21:2618–25.

 13 Pasquier F, Leys D, Weerts JGE, et al. Inter- and intraobserver reproducibility of 
cerebral atrophy assessment on MRI scans with hemispheric infarcts. Eur Neurol 
1996;36:268–72.

 14 Scheltens P, Leys D, Barkhof F, et al. Atrophy of medial temporal lobes on MRI 
in "probable" Alzheimer’s disease and normal ageing: diagnostic value and 
neuropsychological correlates. J Neurol Neurosurg Psychiatry 1992;55:967–72.

 15 Cardoso MJ, Modat M, Wolz R, et al. Geodesic information flows: Spatially- Variant 
graphs and their application to segmentation and fusion. IEEE Trans Med Imaging 
2015;34:1976–88.

 16 Sudre CH, Cardoso MJ, Bouvy WH, et al. Bayesian model selection for pathological 
neuroimaging data applied to white matter lesion segmentation. IEEE Trans Med 
Imaging 2015;34:2079–102.

 17 Brunswick DJ, Amsterdam JD, Mozley PD, et al. Greater availability of brain dopamine 
transporters in major depression shown by [99m Tc]TRODAT-1 SPECT imaging. Am J 
Psychiatry 2003;160:1836–41.

 18 Amsterdam JD, Newberg AB, Soeller I, et al. Greater striatal dopamine transporter 
density may be associated with major depressive episode. J Affect Disord 
2012;141:425–31.

 19 Camardese G, Di Giuda D, Di Nicola M, et al. Imaging studies on dopamine 
transporter and depression: a review of literature and suggestions for future research. 
J Psychiatr Res 2014;51:7–18.

 20 Neumeister A, Willeit M, Praschak- Rieder N, et al. Dopamine transporter availability in 
symptomatic depressed patients with seasonal affective disorder and healthy controls. 
Psychol Med 2001;31:1467–73.

 21 Laasonen- Balk T, Kuikka J, Viinamäki H, et al. Striatal dopamine transporter density in 
major depression. Psychopharmacology 1999;144:282–5.

 22 Sarchiapone M, Carli V, Camardese G, et al. Dopamine transporter binding in 
depressed patients with anhedonia. Psychiatry Res 2006;147:243–8.

 23 Schuurman AG, van den Akker M, Ensinck KTJL, et al. Increased risk of Parkinson’s 
disease after depression: a retrospective cohort study. Neurology 2002;58:1501–4.

 24 Schrag A, Anastasiou Z, Ambler G, et al. Predicting diagnosis of Parkinson’s disease: a 
risk algorithm based on primary care presentations. Mov Disord 2019;34:480–6.

 25 Noyce AJ, Bestwick JP, Silveira- Moriyama L, et al. PREDICT- PD: identifying risk of 
Parkinson’s disease in the community: methods and baseline results. J Neurol 
Neurosurg Psychiatry 2014;85:31–7.

 26 Gaenslen A, Wurster I, Brockmann K, et al. Prodromal features for Parkinson’s disease-
-baseline data from the TREND study. Eur J Neurol 2014;21:766–72.

 27 Janssen J, Hulshoff Pol HE, de Leeuw F- E, et al. Hippocampal volume and subcortical 
white matter lesions in late life depression: comparison of early and late onset 
depression. J Neurol Neurosurg Psychiatry 2007;78:638–40.

 28 Hickie I, Naismith S, Ward PB, et al. Reduced hippocampal volumes and memory loss 
in patients with early- and late- onset depression. Br J Psychiatry 2005;186:197–202.

 29 Sivakumar PT, Kalmady SV, Venkatasubramanian G, et al. Volumetric analysis of 
hippocampal sub- regions in late onset depression: a 3 tesla magnetic resonance 
imaging study. Asian J Psychiatr 2015;13:38–43.

 30 Geerlings MI, Gerritsen L, Depression L- L. Late- Life depression, hippocampal volumes, 
and hypothalamic- pituitary- adrenal axis regulation: a systematic review and meta- 
analysis. Biol Psychiatry 2017;82:339–50.

 31 Gallagher D, Kiss A, Lanctot K, et al. Depression and risk of Alzheimer dementia: a 
longitudinal analysis to determine predictors of increased risk among older adults 
with depression. Am J Geriatr Psychiatry 2018;26:819–27.

 32 Blasko I, Kemmler G, Jungwirth S, et al. Plasma amyloid beta-42 independently 
predicts both late- onset depression and Alzheimer disease. Am J Geriatr Psychiatry 
2010;18:973–82.

 33 Figiel GS, Krishnan KR, Doraiswamy PM, et al. Subcortical hyperintensities on brain 
magnetic resonance imaging: a comparison between late age onset and early onset 
elderly depressed subjects. Neurobiol Aging 1991;12:245–7.

 34 Herrmann LL, Le Masurier M, Ebmeier KP. White matter hyperintensities in late life 
depression: a systematic review. J Neurol Neurosurg Psychiatry 2008;79:619–24.

 35 Hashem A, Nasreldin H, Gomaa M, et al. White matter hyperintensities in elderly 
patients with late- onset and early- onset depression: a comparative study. Egyptian 
Journal of Psychiatry 2019;40:17–23.

 36 Jellinger KA. Organic bases of late- life depression: a critical update. J Neural Transm 
2013;120:1109–25.

 37 Booij J, Kemp P. Dopamine transporter imaging with [(123)I]FP- CIT SPECT: potential 
effects of drugs. Eur J Nucl Med Mol Imaging 2008;35:424–38.

 38 Morbelli S, Esposito G, Arbizu J, et al. EANM practice guideline/SNMMI procedure 
standard for dopaminergic imaging in parkinsonian syndromes 1.0. Eur J Nucl Med 
Mol Imaging 2020;47:1885–912.

copyright.
 on D

ecem
ber 16, 2020 by guest. P

rotected by
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2020-324266 on 2 D

ecem
ber 2020. D

ow
nloaded from

 

http://dx.doi.org/10.1192/bjp.bp.110.078816
http://dx.doi.org/10.1146/annurev.clinpsy.032408.153621
http://dx.doi.org/10.1016/S1474-4422(14)70287-X
http://dx.doi.org/10.1212/WNL.0000000000001684
http://dx.doi.org/10.1016/j.pnpbp.2018.05.025
http://dx.doi.org/10.1016/j.pnpbp.2018.05.025
http://dx.doi.org/10.1002/1531-8257(200005)15:3<503::AID-MDS1013>3.0.CO;2-V
http://dx.doi.org/10.1212/01.WNL.0000123248.39847.1D
http://dx.doi.org/10.2214/ajr.149.2.351
http://dx.doi.org/10.1007/s00330-011-2205-4
http://dx.doi.org/10.1159/000117270
http://dx.doi.org/10.1136/jnnp.55.10.967
http://dx.doi.org/10.1109/TMI.2015.2418298
http://dx.doi.org/10.1109/TMI.2015.2419072
http://dx.doi.org/10.1109/TMI.2015.2419072
http://dx.doi.org/10.1176/appi.ajp.160.10.1836
http://dx.doi.org/10.1176/appi.ajp.160.10.1836
http://dx.doi.org/10.1016/j.jad.2012.03.007
http://dx.doi.org/10.1016/j.jpsychires.2013.12.006
http://dx.doi.org/10.1017/S003329170105434z
http://dx.doi.org/10.1007/s002130051005
http://dx.doi.org/10.1016/j.pscychresns.2006.03.001
http://dx.doi.org/10.1212/WNL.58.10.1501
http://dx.doi.org/10.1002/mds.27616
http://dx.doi.org/10.1136/jnnp-2013-305420
http://dx.doi.org/10.1136/jnnp-2013-305420
http://dx.doi.org/10.1111/ene.12382
http://dx.doi.org/10.1136/jnnp.2006.098087
http://dx.doi.org/10.1192/bjp.186.3.197
http://dx.doi.org/10.1016/j.ajp.2014.11.005
http://dx.doi.org/10.1016/j.biopsych.2016.12.032
http://dx.doi.org/10.1016/j.jagp.2018.05.002
http://dx.doi.org/10.1097/JGP.0b013e3181df48be
http://dx.doi.org/10.1016/0197-4580(91)90104-R
http://dx.doi.org/10.1136/jnnp.2007.124651
http://dx.doi.org/10.1007/s00702-012-0945-1
http://dx.doi.org/10.1007/s00259-007-0621-0
http://dx.doi.org/10.1007/s00259-020-04817-8
http://dx.doi.org/10.1007/s00259-020-04817-8
http://jnnp.bmj.com/

	Late onset depression: dopaminergic deficit and clinical features of prodromal Parkinson’s disease: a cross-sectional study
	Abstract
	Introduction
	Methods
	Patients
	Standard protocol approvals, registrations and patient consents
	Role of the funding source
	Clinical assessment
	123I-ioflupane SPECT protocol
	MRI
	Statistical analysis

	Results
	Motor symptoms
	Non-motor symptoms
	123I-ioflupane SPECT imaging
	Structural MR imaging
	One year clinical follow up

	Discussion
	Limitations

	References


