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Clinical short communication 
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A B S T R A C T   

Introduction: Clinical parkinsonism is a core diagnostic feature for mild cognitive impairment with Lewy bodies 
(MCI-LB) but can be challenging to identify. A five-item scale derived from the Unified Parkinson's Disease Rating 
Scale (UPDRS) has been recommended for the assessment of parkinsonism in dementia. This study aimed to 
determine whether the five-item scale is effective to identify parkinsonism in MCI. 
Methods: Participants with MCI from two cohorts (n = 146) had a physical examination including the UPDRS and 
[123I]-FP-CIT SPECT striatal dopaminergic imaging. Participants were classified as having clinical parkinsonism 
(P+) or no parkinsonism (P-), and with abnormal striatal dopaminergic imaging (D+) or normal imaging (D-). 
The five-item scale was the sum of UPDRS tremor at rest, bradykinesia, action tremor, facial expression, and 
rigidity scores. The ability of the scale to differentiate P+D+ and P-D- participants was examined. 
Results: The five-item scale had an AUROC of 0.92 in Cohort 1, but the 7/8 cut-off defined for dementia had low 
sensitivity to identify P+D+ participants (sensitivity 25%, specificity 100%). Optimal sensitivity and specificity 
was obtained at a 3/4 cut-off (sensitivity 83%, specificity 88%). 
In Cohort 2, the five-item scale had an AUROC of 0.97, and the 3/4 cut-off derived from Cohort 1 showed 
sensitivity of 100% and a specificity of 82% to differentiate P+D+ from P-D- participants. The five-item scale was 
not effective in differentiating D+ from D- participants. 
Conclusions: The five-item scale is effective to identify parkinsonism in MCI, but a lower threshold must be used 
in MCI compared with dementia.   

Dementia with Lewy bodies (DLB) is the second most common form 
of neurodegenerative dementia. The presence of parkinsonism is a core 
clinical feature for the diagnosis of DLB and mild cognitive impairment 
with Lewy bodies (MCI-LB) [1]. The clinical diagnosis of MCI-LB is 
challenging, as symptoms are less frequent and less severe at this early 
disease stage [2]. Clinical parkinsonism is one of the most common core 
clinical features of MCI-LB, and is present in around two thirds of cases 
[2], though parkinsonism may develop later in females than males [3]. 
Therefore, the accurate identification of clinical parkinsonism in MCI-LB 
is of vital importance for research and clinical practice. 

Previously, a scale derived from the Unified Parkinson's Disease 

Rating Scale (UPDRS) was developed to help clinicians identify 
parkinsonism in dementia. Using five features (tremor at rest, bradyki-
nesia, action tremor, facial expression, rigidity), a cut-off of 7.5 had a 
sensitivity of 85% and a specificity of 100% to identify clinical parkin-
sonism [4]. This scale has been recommended in diagnostic toolkits for 
DLB [5]. The aim of this manuscript was to determine whether this scale 
could be used to identify parkinsonism in mild cognitive impairment. 
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1. Methods 

1.1. Participants 

Participants from two research cohorts were analysed. The details of 
participant recruitment and the characteristics of Cohort 1 (LewyPro) 
[6] and Cohort 2 (SUPErB) [7] have been published previously. Briefly, 
participants ≥60 years old with MCI were recruited from memory 
clinics, older people's medicine clinics and neurology clinics in the 
Northeast of England and Cumbria. Participants were excluded if they 
had dementia, a Mini-Mental State Examination (MMSE) score < 20, a 
CDR score of >0.5, parkinsonism that developed >1 year prior to 
cognitive impairment or evidence of clinical stroke or a serious neuro-
logical or medical condition that would affect their performance in study 
assessments. 

All participants with capacity gave their written and informed con-
sent to take part in this study. 

The study received ethical approval from the National Research 
Ethics Service Committee North East–Newcastle & North Tyneside 2 
(Research Ethics Committee identification numbers 15/NE/0420, 12/ 
NE/0290). 

1.2. Clinical assessment 

Participants underwent a comprehensive clinical and cognitive 
assessment, including a full neurological examination, Hoehn and Yahr 
scale and the Movement Disorders Society Unified Parkinson's disease 
Rating Scale (MDS-UPDRS) Motor Sub-scale. A three person expert 
consensus clinical panel reviewed all of the clinical assessment data to 
confirm whether the patients had parkinsonism, defined as one or more 
of the cardinal features of bradykinesia, rest tremor or rigidity [1], in-
dependent of the results of the dopaminergic imaging. 

A five-item parkinsonism score was calculated as previously 
described [4]. The scores for five features (tremor at rest, bradykinesia, 
action tremor, facial expression, rigidity), each rated 0–4, were added to 
give a total score. The scale was initially devised using a previous 
version of the UPDRS, therefore a single score was used for each feature 
(e.g. the score for ‘tremor at rest’ was the highest score for tremor at rest 
in the MDS-UPDRS either in one of the upper or lower limbs, or in the 
lip/jaw). 

1.3. Imaging 

Striatal dopaminergic imaging ([123I]FP-CIT SPECT 2β-Carbome-
thoxy-3β-(4-iodophenyl)-N-(3-fluoropropyl)-nortropane SPECT) was 
carried out at baseline as previously described [8]. Images were classed 
as normal or abnormal based on consensus visual rating by a five-person 
panel, blind to any clinical data. 

1.4. Classification of groups 

Participants were classified as having parkinsonism (P+) or no 
parkinsonism (P-) and with abnormal striatal dopaminergic imaging 
(D+) or normal imaging (D-). In the primary analysis, we compared 
P+D+ and P-D- groups. Participants with discordant findings (P+D- or 
P-D+) were excluded from the primary analysis but included in the 
secondary analysis, based solely on striatal dopaminergic imaging. P+D- 
participants were presumed to have non-neurodegenerative features 
mimicking parkinsonism, such as vascular disease, arthritis and essential 
tremor [9]. P-D+ participants were presumed to have nigrostriatal 
dopaminergic loss that was insufficient to cause clinical signs [10]. 

1.5. Statistics 

Statistical analysis was carried out using IBM SPSS Statistics, version 
29. Demographics and clinical data were compared using t-tests, Mann- 

Whitney U tests, Chi-Square tests and Fisher's Exact tests as appropriate. 
Area under the receiver operating characteristic (AUROC) was plotted to 
quantify discriminant ability. A cut-off for optimal sensitivity and 
specificity was calculated in Cohort 1 and tested in Cohort 2. 

2. Results 

2.1. Demographics 

The group demographics for both cohorts are displayed in Table 1 
and Supplementary Table 1. There were 146 participants (n = 22 P+D+, 
n = 86 P-D-, n = 33 P-D+ and n = 5 P+D-). P+D+ participants were 
more likely to be male (Table 1). 

2.2. Discriminant ability of five-item scale 

The five-item scale had an AUROC of 0.92 (95% Confidence Interval 
(CI) 0.85–1) to discriminate P+D+ from P-D- in Cohort 1. However, few 
participants reached the 7.5 cut-off previously published for dementia 
(sensitivity 25%, specificity 100%, Fig. 1). Optimal sensitivity and 
specificity was obtained at a 3.5 cut-off with a sensitivity of 83% and a 
specificity of 88%. 

This finding was tested in an independent sample, Cohort 2. The 
AUROC was 0.97 (95% CI 0.93–1). The 3.5 cut-off demonstrated a 
sensitivity of 100% and a specificity of 82% (Fig. 1). 

Raters were not blind to MDS-UPDRS scores when assigning the 
presence or absence of parkinsonism. To avoid circularity, the 3.5 
threshold derived from Cohort 1 was tested against FP-CIT SPECT result 
only in Cohort 2. 12/20 (60%) of those scoring above the 3.5 threshold 
were D+, compared with 14/51 (28%) of those scoring below the 3.5 
threshold (p = .01). 

Table 1 
Cohort 1 & Cohort 2 - Demographics.   

Cohort 1 Cohort 2  

P-D- P+D+ p P-D- P+D+ p 

N 41 12  45 10  
Age, mean (SD) 76.0 

(8.3) 
76.8 
(7.9) 

0.775 73.5 
(7.3) 

76.1 
(4.5) 

0.290 

Sex, n (% male) 19 
(46%) 

11 
(92%) 

0.005 20 
(44%) 

10 
(100%) 

0.001 

Years education, 
median (IQR) 

10 (3) 11 (4) 0.518 11 (5) 11 (4) 0.927 

MMSE Total, 
median (IQR) 

26 (3) 27 (3) 0.940 27 (3) 26.5 
(5) 

0.741 

CIRS-G Total, 
mean (SD) 

10.2 
(4.7) 

8.8 
(3.5) 

0.358 7.4 
(4.1) 

7.9 
(4.5) 

0.711 

MDS-UPDRS 
total, median 
(IQR) 

14 
(14) 

39 
(21) 

<0.001 12 
(19) 

37.5 
(13) 

<0.001 

5-item score 
(max 20), 
median (IQR) 

1 (2) 4.5 (4) <0.001 2 (2) 7 (3) <0.001 

Facial 
expression, 
median (IQR) 

0 (0) 1 (2) <0.001 0 (0.5) 2 (2) <0.001 

Rigidity, median 
(IQR) 

0 (0) 1 
(1.75) 

<0.001 1 (1) 3 
(1.25) 

<0.001 

Rest tremor, 
median (IQR) 

0 (1) 1 
(1.75) 

0.068 0 (1) 0.5 (1) 0.242 

Action tremor, 
median (IQR) 

1 (0) 1 (0) 0.020 0 (1) 1 (1) 0.429 

Bradykinesia, 
median (IQR) 

0 (0) 1 (1) <0.001 0 (0) 1 (1) <0.001 

P-D-: no clinical parkinsonism and normal [123I]FP-CIT SPECT. P+D+: clinical 
parkinsonism and abnormal [123I]FP-CIT SPECT. MMSE: Mini Mental State Ex-
amination. CIRS-G: Cumulative Illness Rating Scale for Geriatrics. MDS-UPDRS: 
Movement Disorders Society Unified Parkinson's disease Rating Scale Motor 
Sub-scale. 

R. Fernando et al.                                                                                                                                                                                                                               



Journal of the Neurological Sciences 458 (2024) 122941

3

2.3. Secondary analysis 

The demographics for the D+ and D- groups are displayed in Sup-
plementary Table 1. The D+ group were more likely to be male. The five- 
item scale had an AUROC of 0.61 (95% CI 0.48–0.74) in Cohort 1 and an 
AUROC of 0.66 (95% CI 0.52–0.80) in Cohort 2 to differentiate D+ from 
D- participants. The 3.5 cut-off had a sensitivity of 42% and a specificity 
of 82% to identify D+ participants in both cohorts combined (Supple-
mentary Fig. 1). 

Given the poor discriminant ability of the five-item scale to 
discriminate between D+ and D- participants, a post-hoc analysis was 
carried out to investigate whether other UPDRS features could identify 
D+ participants. The AUROCs of all MDS-UPDRS items to identify D+
participants in Cohort 1 are displayed Supplementary Table 2. The five 
items with the highest AUROC were combined to make a sum score, to 
compare with the original five-item scale, these were: upper limb ri-
gidity, finger tapping, pronation-supination movements, toe tapping 

and global spontaneity of movement (Supplementary Table 2). The sum 
score of these five variables was tested in Cohort 2 to discriminate D+
from D- participants, but this sum score had a similar performance to the 
original five-item scale (AUROC 0.63, 95% CI 0.49–0.78). 

2.4. Sex differences 

Males were more likely than females to have an abnormal FP-CIT 
SPECT scan across both cohorts (Cohort 1: 23/42 (55%) v 6/33 
(18%), p = .001; Cohort 2: 25/45 (56%) v 1/26 (4%), p < .001). Seven 
females had an abnormal FP-CIT SPECT across both cohorts, of which 
only one had clinically identified parkinsonism and none scored above 
the 3.5 cut-off on the five-item scale. 

3. Discussion 

This paper presents one of few cohorts worldwide in MCI with a 

Fig. 1. Dot plots of five-item UPDRS scores in P+D+ and P–D– groups in Cohort 1 (A) and Cohort 2 (B). Reference lines of 3.5 and 7.5 added for illustration.  
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combination of standardised assessment for parkinsonian features, 
expert clinician determination of the presence or absence of parkin-
sonism and striatal dopaminergic imaging. We have demonstrated that a 
previously described five-item scale for parkinsonism in dementia can 
identify the presence of parkinsonism in MCI, but that parkinsonian 
signs are much milder in MCI and therefore a lower threshold is 
necessary at this disease stage. 

The identification of early clinical parkinsonism is challenging in 
MCI. Mild motor signs, which may be suggestive of parkinsonism, are 
present in up to 46% of older adults, and this prevalence increases with 
age [9]. From our findings, there are two important points that should be 
considered by clinicians and researchers. Firstly, parkinsonism in MCI- 
LB is mild, as few participants with P+D+ met the previously 
described 7.5 threshold on the five-item scale. Secondly, patients 
without parkinsonism can have relatively high scores on the MDS- 
UPDRS, with median scores of 12 and 14 in the two cohorts in this 
study. The clinical and research implications of these findings are 
considered below. 

3.1. Clinical implications 

The five-item scale is not intended to replace clinical judgement. 
However, these five features may be useful to aid in the identification of 
parkinsonism in people with MCI in the clinic, where the full MDS- 
UPDRS is unlikely to be undertaken. In particular, in addition to the 
cardinal features of parkinsonism, the features of reduced facial 
expression and intention tremor should be considered by clinicians. 
Where patients score over the threshold of 3.5, further investigation 
could be considered if clinically indicated. In Cohort 2, 12/20 (60%) of 
those with a score over 3.5 had abnormal striatal dopaminergic imaging. 

3.2. Research implications 

Large-scale cohort studies have sought to identify parkinsonism 
based on the presence of features measured by the UPDRS [11]. This has 
led to relatively high estimates of parkinsonism in control groups. Fea-
tures that may be associated with mild motor signs include vascular 
disease, diabetes, arthritis and essential tremor [9]. The 3.5 cut-off for 
the five-item scale had a specificity of >80%, which may be satisfactory 
for clinical populations, where the prior probability of parkinsonism is 
relatively high. However, for populations where the prior probability of 
parkinsonism is low (e.g. community populations), a higher threshold 
for inferring the presence of parkinsonism may be required. The limi-
tations of this method in comparison to expert clinical judgement must 
be recognised. 

3.3. Sex differences 

Females were less likely to have a positive dopaminergic imaging 
and the vast majority of the P+D+ group was male. This is in keeping 
with higher rates of parkinsonism in males than females with DLB in a 
pathologically confirmed cohort [12], and later presentation of 
parkinsonism in females than males in DLB [3]. However, in the small 
number of females with reduced nigrostriatal dopaminergic innervation 
demonstrated by FP-CIT SPECT, clinical parkinsonism was generally not 
identified. This raises the possibility that the classical signs of parkin-
sonism are less likely to be present in females than males, even in the 
presence of neuronal loss in the nigrostriatal dopaminergic neurones. 
Few conclusions can be drawn from our data, due to the small number of 
females with abnormal FP-CIT SPECT scans, but this issue requires 
further research attention. 

3.4. Strengths and limitations 

This paper reports data from a well-characterised cohort with a 
comprehensive clinical assessment and striatal dopaminergic imaging. 

Post-mortem cohorts represent the gold standard for validating clinical 
assessment, but there are few post-mortem cohorts in MCI-LB and these 
have small numbers of participants [2]. The original paper describing 
the five-item scale in dementia used a previous version of the UPDRS, 
but it was possible to extrapolate sores in the original scale from the 
MDS-UPDRS. 

There is a degree of circularity in this analysis, as the UPDRS was 
considered when assigning the presence or absence of clinical parkin-
sonism. However, a key strength of the study is that the groups had 
biomarker confirmation of the presence or absence of striatal dopami-
nergic degeneration. As a secondary analysis, we investigated the 
effectiveness of the scale to identify participants with abnormal striatal 
dopaminergic imaging, without considering clinical parkinsonism. The 
five-item scale was less effective to discriminate between these groups 
and a post hoc analysis using all MDS-UPDRS items was unable to 
identify a set of features that could accurately discriminate between D+
and D- participants. However, this was expected, as it has been 
demonstrated that clinical symptoms of parkinsonism do not manifest 
until after there has been a significant amount of nigrostriatal dopami-
nergic degeneration, exceeding the amount of degeneration required for 
an abnormal striatal dopaminergic scan [10]. This is demonstrated by 
high rates of abnormal scans in cohorts of idiopathic REM sleep 
behaviour disorder without clinical parkinsonism [13]. As such, the D+
group would be expected to include participants without clinical 
parkinsonism. Neither the five-item scale or the wider UPDRS appear 
effective to identify subtle motor signs that may be present these 
participants. 

These studies excluded people with clinical stroke, therefore, care 
must be used when considering if parkinsonism could be due to vascular 
disease. 

4. Conclusion 

Clinicians and researchers should be aware that parkinsonian signs 
are mild in MCI-LB. A five-item scale developed in dementia is effective 
to identify parkinsonism in MCI, but a lower threshold must be used in 
MCI compared with dementia. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jns.2024.122941. 

CRediT authorship contribution statement 

Rishira Fernando: Formal analysis, Writing – original draft, Inves-
tigation, Methodology, Writing – review & editing. Alan J. Thomas: 
Conceptualization, Funding acquisition, Investigation, Methodology, 
Project administration, Resources, Supervision, Writing – review & 
editing. Calum A. Hamilton: Formal analysis, Investigation, Writing – 
review & editing. Rory Durcan: Investigation, Writing – review & 
editing. Sally Barker: Investigation, Writing – review & editing. Joanna 
Ciafone: Investigation, Writing – review & editing. Nicola Barnett: 
Investigation, Writing – review & editing. Kirsty Olsen: Investigation, 
Writing – review & editing. Michael Firbank: Conceptualization, 
Writing – review & editing. Gemma Roberts: Investigation, Writing – 
review & editing. Jim Lloyd: Conceptualization, Writing – review & 
editing. George Petrides: Investigation, Writing – review & editing. 
Sean Colloby: Investigation, Writing – review & editing. Louise M. 
Allan: Conceptualization, Writing – review & editing. Ian G. McKeith: 
Investigation, Writing – review & editing. John T. O'Brien: Conceptu-
alization, Writing – review & editing. John-Paul Taylor: Conceptuali-
zation, Writing – review & editing. Paul C. Donaghy: Formal analysis, 
Investigation, Methodology, Supervision, Writing – review & editing. 

Declaration of competing interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests. 

R. Fernando et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.jns.2024.122941
https://doi.org/10.1016/j.jns.2024.122941


Journal of the Neurological Sciences 458 (2024) 122941

5

Alan Thomas reports financial support was provided by Alzheimer's 
Research UK [ARUK-PG3026–13]; GE Healthcare and the NIHR New-
castle Biomedical Research Centre. GE Healthcare provided funding for 
FP-CIT imaging for this investigator-led study. 

Paul C Donaghy reports financial support was provided by the 
Medical Research Council [grant number MR/W000229/1]. 

Rishira Fernando reports financial support was provided by a New-
castle University Vacation Scholarship. 

John O'Brien reports financial support was provided by the NIHR 
Cambridge Biomedical Research Centre and the Cambridge Centre for 
Parkinson's Plus. 

Louise Allan reports financial support was provided by the Peninsula 
NIHR Applied Research collaboration and the Exeter NIHR Biomedical 
Research Centre. The views expressed are those of the author(s) and not 
necessarily those of the NIHR or the Department of Health and Social 
Care. 

The funders had no role in study design; in the collection, analysis 
and interpretation of data; in the writing of the report; or in the decision 
to submit the article for publication. 

George Petrides and John-Paul Taylor report a relationship with GE 
Healthcare that includes: speaking and lecture fees. 

John O'Brien reports a relationship with TauRx, Novo Nordisk, Bio-
gen, Roche, Lilly and GE Healthcare that includes: consulting or 
advisory. 

John O'Brien reports a relationship with Avid/Lilly, Merck and 
Alliance Medical that includes: funding grants. 

The other authors declare that they have no known competing 
financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

Data availability 

The data that support the findings of this study are available from the 
corresponding author upon reasonable request. 

Acknowledgements 

This work was supported by Alzheimer's Research UK (AJT, Grant 
Number ARUK-PG3026-13) and the NIHR Newcastle Biomedical 
Research Centre. GE Healthcare provided funding for FP-CIT imaging 
for this investigator-led study. 

Paul C Donaghy is supported by the Medical Research Council [grant 
number MR/W000229/1]. Rishira Fernando was supported by a New-
castle University Vacation Scholarship. John O'Brien is supported by the 
NIHR Cambridge Biomedical Research Centre and the Cambridge Centre 
for Parkinson's Plus. Louise Allan is supported by the Peninsula NIHR 
Applied Research collaboration and the Exeter NIHR Biomedical 
Research Centre. The views expressed are those of the author(s) and not 
necessarily those of the NIHR or the Department of Health and Social 
Care. 

The funders had no role in study design; in the collection, analysis 
and interpretation of data; in the writing of the report; or in the decision 
to submit the article for publication. 

The authors would like to thank the people living with MCI who 
participated in this study and their family members for giving up their 
time. We thank Helen Kain, research support secretary for her ongoing 

support with patient liaison and data entry for the study, the Nuclear 
Medicine department at the Newcastle upon Tyne Hospitals NHS 
Foundation Trust for scanning the participants and reporting scans, and 
the staff of the NIHR Clinical Research Network North East and Cumbria 
for their invaluable support with participant recruitment for this study. 

References 

[1] I.G. McKeith, T.J. Ferman, A.J. Thomas, F. Blanc, B.F. Boeve, H. Fujishiro, 
K. Kantarci, C. Muscio, J.T. O’Brien, R.B. Postuma, D. Aarsland, C. Ballard, 
L. Bonanni, P. Donaghy, M. Emre, J.E. Galvin, D. Galasko, J.G. Goldman, S. 
N. Gomperts, L.S. Honig, M. Ikeda, J.B. Leverenz, S.J.G. Lewis, K.S. Marder, 
M. Masellis, D.P. Salmon, J.P. Taylor, D.W. Tsuang, Z. Walker, P. Tiraboschi, 
Research criteria for the diagnosis of prodromal dementia with Lewy bodies, 
Neurology 94 (2020) 743–755, https://doi.org/10.1212/ 
WNL.0000000000009323. 

[2] P.C. Donaghy, C. Carrarini, D. Ferreira, A. Habich, D. Aarsland, C. Babiloni, 
E. Bayram, J.P. Kane, S.J. Lewis, A. Pilotto, A.J. Thomas, L. Bonanni, Research 
diagnostic criteria for mild cognitive impairment with Lewy bodies: a systematic 
review and meta-analysis, Alzheimers Dement. 19 (2023) 3186–3202, https://doi. 
org/10.1002/alz.13105. 

[3] P. Choudhury, J. Graff-Radford, J.A. Aakre, L. Wurtz, D.S. Knopman, N.R. Graff- 
Radford, K. Kantarci, L.K. Forsberg, J.A. Fields, O. Pedraza, Q. Chen, T. Miyagawa, 
G.S. Day, P. Tipton, R. Savica, H. Botha, C. Lachner, B. Dredla, R.R. Reichard, R. 
C. Petersen, D.W. Dickson, B.F. Boeve, T.J. Ferman, The temporal onset of the core 
features in dementia with Lewy bodies, Alzheimers Dement. 18 (2022) 591–601, 
https://doi.org/10.1002/alz.12411. 

[4] C. Ballard, I. McKeith, D. Burn, R. Harrison, J. O’Brien, K. Lowery, M. Campbell, 
R. Perry, P. Ince, The UPDRS scale as a means of identifying extrapyramidal signs 
in patients suffering from dementia with Lewy bodies, Acta Neurol. Scand. 96 
(1997) 366–371, https://doi.org/10.1111/j.1600-0404.1997.tb00299.x. 

[5] A.J. Thomas, J.P. Taylor, I. McKeith, C. Bamford, D. Burn, L. Allan, J. O’Brien, 
Revision of assessment toolkits for improving the diagnosis of Lewy body dementia: 
the DIAMOND Lewy study, Int. J. Geriatr. Psychiatr. 33 (2018) 1293–1304, 
https://doi.org/10.1002/gps.4948. 

[6] P.C. Donaghy, J.-P. Taylor, J.T. O’Brien, N. Barnett, K. Olsen, S.J. Colloby, J. Lloyd, 
G. Petrides, I.G. McKeith, A.J. Thomas, Neuropsychiatric symptoms and cognitive 
profile in mild cognitive impairment with Lewy bodies, Psychol. Med. 48 (2018) 
2384–2390, https://doi.org/10.1017/S0033291717003956. 

[7] P.C. Donaghy, J. Ciafone, R. Durcan, C.A. Hamilton, S. Barker, J. Lloyd, M. Firbank, 
L.M. Allan, J.T. O’Brien, J.-P. Taylor, A.J. Thomas, Mild cognitive impairment with 
Lewy bodies: neuropsychiatric supportive symptoms and cognitive profile, Psychol. 
Med. 52 (2022) 1147–1155, https://doi.org/10.1017/S0033291720002901. 

[8] G. Roberts, P.C. Donaghy, J. Lloyd, R. Durcan, G. Petrides, S.J. Colloby, S. Lawley, 
J. Ciafone, C.A. Hamilton, M. Firbank, L. Allan, N. Barnett, S. Barker, K. Olsen, 
K. Howe, T. Ali, J.-P. Taylor, J. O’Brien, A.J. Thomas, Accuracy of dopaminergic 
imaging as a biomarker for mild cognitive impairment with Lewy bodies, Br. J. 
Psychiatry 218 (2021) 276–282, https://doi.org/10.1192/bjp.2020.234. 

[9] S.M. Buchanan, M. Richards, J.M. Schott, A. Schrag, Mild parkinsonian signs: a 
systematic review of clinical, imaging, and pathological associations, Mov. Disord. 
36 (2021) 2481–2493, https://doi.org/10.1002/mds.28777. 

[10] J.M. Fearnley, A.J. Lees, Ageing and Parkinson’s disease: substantia nigra regional 
selectivity, Brain 114 (Pt 5) (1991) 2283–2301, https://doi.org/10.1093/brain/ 
114.5.2283. 

[11] A.S. Buchman, S.E. Leurgans, L. Yu, R.S. Wilson, A.S. Lim, B.D. James, J. 
M. Shulman, D.A. Bennett, Incident parkinsonism in older adults without 
Parkinson disease, Neurology 87 (2016) 1036–1044, https://doi.org/10.1212/ 
WNL.0000000000003059. 

[12] E. Bayram, D.G. Coughlin, I. Litvan, Sex differences for clinical correlates of 
Alzheimer’s pathology in people with Lewy body pathology, Mov. Disord. 37 
(2022) 1505–1515, https://doi.org/10.1002/mds.29044. 

[13] D. Arnaldi, A. Chincarini, M.T. Hu, K. Sonka, B. Boeve, T. Miyamoto, 
M. Puligheddu, V.C. De Cock, M. Terzaghi, G. Plazzi, N. Tachibana, S. Morbelli, 
M. Rolinski, P. Dusek, V. Lowe, M. Miyamoto, M. Figorilli, D. de Verbizier, 
I. Bossert, E. Antelmi, R. Meli, T.R. Barber, J. Trnka, T. Miyagawa, A. Serra, 
F. Pizza, M. Bauckneht, K.M. Bradley, D. Zogala, D.R. McGowan, L. Jordan, 
R. Manni, F. Nobili, Dopaminergic imaging and clinical predictors for 
phenoconversion of REM sleep behaviour disorder, Brain 144 (2021) 278–287, 
https://doi.org/10.1093/brain/awaa365. 

R. Fernando et al.                                                                                                                                                                                                                               

https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1002/alz.13105
https://doi.org/10.1002/alz.13105
https://doi.org/10.1002/alz.12411
https://doi.org/10.1111/j.1600-0404.1997.tb00299.x
https://doi.org/10.1002/gps.4948
https://doi.org/10.1017/S0033291717003956
https://doi.org/10.1017/S0033291720002901
https://doi.org/10.1192/bjp.2020.234
https://doi.org/10.1002/mds.28777
https://doi.org/10.1093/brain/114.5.2283
https://doi.org/10.1093/brain/114.5.2283
https://doi.org/10.1212/WNL.0000000000003059
https://doi.org/10.1212/WNL.0000000000003059
https://doi.org/10.1002/mds.29044
https://doi.org/10.1093/brain/awaa365

	Identifying parkinsonism in mild cognitive impairment
	1 Methods
	1.1 Participants
	1.2 Clinical assessment
	1.3 Imaging
	1.4 Classification of groups
	1.5 Statistics

	2 Results
	2.1 Demographics
	2.2 Discriminant ability of five-item scale
	2.3 Secondary analysis
	2.4 Sex differences

	3 Discussion
	3.1 Clinical implications
	3.2 Research implications
	3.3 Sex differences
	3.4 Strengths and limitations

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


