
Vol:.(1234567890)

Journal of Neurology (2023) 270:3464–3474
https://doi.org/10.1007/s00415-023-11629-x

1 3

ORIGINAL COMMUNICATION

The evolution of diagnosis from symptom onset to death 
in progressive supranuclear palsy (PSP) and corticobasal degeneration 
(CBD) compared to Parkinson’s disease (PD)

Diane M. A. Swallow1   · Carl E. Counsell1

Received: 19 October 2022 / Revised: 25 January 2023 / Accepted: 14 February 2023 / Published online: 27 March 2023 
© The Author(s) 2023

Abstract
Background  Misdiagnosis and delayed diagnosis in progressive supranuclear palsy (PSP) and corticobasal degeneration 
(CBD) are common. Few studies have systematically evaluated the diagnostic process from symptom onset to death in 
representative cohorts.
Methods  All PSP/CBD cases (n = 28/2) and age-sex matched Parkinson’s disease (PD) cases (n = 30) were identified from a 
UK prospective incident Parkinsonism cohort. Medical and research records were reviewed to compare median times from 
first index symptom to key diagnostic milestones and the nature/timing of secondary care referral and review.
Results  Index symptoms were similar apart from more tremor in PD (p < 0.001) and more impaired balance (p = 0.008) and 
falls (p = 0.004) in PSP/CBD. PD was diagnosed a median 0.96 years after index symptom. In PSP/CBD the median times 
from index symptom to identifying parkinsonism and then including PSP/CBD in the differential diagnosis and the final 
diagnosis were 1.88, 3.41 and 4.03 years, respectively (all p < 0.001). Survival from symptom onset in PSP/CBD and PD 
was not significantly different (5.98 vs 6.85 years, p = 0.72). More diagnoses (p < 0.001) were considered in PSP/CBD. Prior 
to diagnosis, PSP/CBD patients had more recurrent emergency attendances (33.3% vs 10.0%, p = 0.01) and were referred to 
more specialities than PD (median 5 vs 2). Time to any outpatient referral (0.70 vs 0.03 years, p = 0.025) and to specialist 
movement disorder review (1.96 vs 0.57 years, p = 0.002) was longer in PSP/CBD.
Conclusions  The duration and complexity of the diagnostic journey were greater in PSP/CBD than age-sex matched PD but 
can be improved. In this older cohort, there was little difference in survival from symptom onset in PSP/CBD and age-sex 
matched PD.

Keywords  Progressive supranuclear palsy · Corticobasal degeneration · Parkinson’s disease · Misdiagnosis · Delayed 
diagnosis · Survival

Introduction

Progressive supranuclear palsy (PSP) and corticobasal 
degeneration (CBD) are rare, neurodegenerative tauopa-
thies. Clinicopathological studies highlight the extent of 
misdiagnosis in PSP and CBD [1–4], but are susceptible to 
selection bias, favouring those with atypical features or those 
diagnosed in specialist, research active centres. They also 

primarily compare pathological diagnoses with ante-mor-
tem clinical diagnoses at first and final clinical presentation 
[2, 5], leaving substantial gaps in our understanding of the 
evolution of the diagnostic process. Few studies have sys-
tematically described the diagnostic pathway in PSP/CBD 
from diagnosis to death in representative cohorts to pro-
vide a greater understanding of the occurrence of diagnos-
tic errors and identify opportunities to improve diagnostic 
timeliness and accuracy. This is important for clinical care 
and to ensure individuals with PSP/CBD can be identified 
early in their disease course while they still meet eligibility 
criteria for disease-modifying clinical trials. We therefore 
compared the diagnostic process from symptom onset to 
death in PSP/CBD and age-sex matched PD cases recruited 
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to a prospective population-based incident cohort of parkin-
sonism in the UK [6].

Methods

The PINE study is an incident cohort of PD and other forms 
of parkinsonism with prospective life-long annual follow-
up in the North-East of Scotland [6]. Multiple, overlap-
ping methods of case ascertainment identified all patients 
with previously undiagnosed degenerative or vascular par-
kinsonism during two incidence periods (2002–2004 and 
2006–2009). All potential incident cases were invited to 
undergo clinical assessment by a neurologist with a special-
ist interest in movement disorders or by a supervised trainee 
(baseline assessment). Patients were included as incident 
cases if they had parkinsonism defined by two or more of 
four cardinal motor features (rest tremor, bradykinesia, rigid-
ity, and postural instability), and the date of first diagnostic 
suspicion of parkinsonism by a GP or hospital doctor (who-
ever first considered it) occurred within the incident period. 
Patients consented both to life-long annual clinical follow-up 
(outcome measures previously described in detail [6]) and 
primary/secondary care medical record review (enabling 
identification of symptoms/signs pre-study entry).

All incident cases with a final clinical (or post-mortem) 
diagnosis of PSP or CBD in the PINE study were included 
in the study sample. Although the term CBD is increasingly 
restricted to pathologically confirmed cases due to the diver-
sity of clinical presentations in those with CBD pathology, 
with the term corticobasal syndrome (CBS) preferred, the 
term CBD is used to maintain consistency with previous 
publications in the PINE cohort. PSP/CBD cases were age- 
and sex-matched to incident PD cases randomly selected 
from all recruited PD cases.

At baseline and at subsequent reviews, the specific cause 
of the parkinsonian syndrome was made based on history, 
standardised examination (including features of an atypical 
parkinsonian syndrome such as eye movements, dystonia, 
myoclonus, apraxia, ataxia), response to dopamine replace-
ment treatment and available imaging findings guided by 
specific diagnostic criteria available at the time (in PSP the 
1996 consensus criteria [7], in CBD Lang’s criteria [8] and 
in PD the UK PD Brain Bank Criteria [9]). All patients were 
invited to consent to a post-mortem examination. Final diag-
noses in the current analysis are based on an individual’s 
final clinical diagnosis following review of all clinical and 
imaging data after death or pathological diagnosis.

Baseline (time of first assessment and entry to PINE 
study) case demographic and clinical characteristics were 
extracted. The full primary care, secondary care and research 
record for each case was systematically hand-searched 
retrospectively to identify relevant data. The onset of the 

diagnostic process was defined as the date of index symptom 
onset. Index symptom was defined as the first documented 
(not recalled) symptom, in the primary or secondary care 
record, which persisted throughout the course of illness (to 
maximise specificity of symptoms relating to their parkin-
sonian diagnosis). A list of motor, non-motor and neuropsy-
chiatric symptoms and signs systematically sought from the 
records are detailed in Appendix 1. At their baseline visit 
patients also recalled the onset of their first parkinsonian 
symptom, defined as patient recalled index symptom.

A documented primary diagnosis was a clinician’s sin-
gle best explanation for the patient’s clinical presentation, 
while differential diagnoses were documented alternative 
explanations for the patient’s presentation. Prior to PINE 
study referral clinicians were general practitioners (GPs) or 
hospital specialists (any), while after study entry patients 
had at least annual review by a movement disorder special-
ist in addition to other hospital specialists. Both syndromic 
and disease-specific diagnoses, mixed diagnoses, and exog-
enous factors such as alcohol or an infection (if a clinician’s 
single best explanation for symptoms) were considered dis-
crete diagnoses. The date each primary diagnosis was first 
proposed or re-diagnosed if subsequent diagnostic revisions 
were made (to determine the frequency of changing diag-
noses) was collated. If a specific diagnosis of PSP/CBD or 
PD was only made at post-mortem or following case note 
review after death, the date of death was used as the date of 
diagnosis.

Secondary care referrals and attendances after index 
symptom onset were reviewed chronologically. Emergency 
attendances were defined as both unscheduled Accident and 
Emergency (A&E) assessments with subsequent discharge 
or those requiring hospital admission. Elective outpatient 
referrals were new referrals made by GPs or other secondary 
care physicians. Healthcare episodes which were the first 
documented occurrence of symptoms relevant to PSP/CBD 
were included. Follow-up secondary care appointments ini-
tiated prior to index symptom onset for unrelated co-mor-
bidities were not counted as first secondary care contacts 
after index symptom onset. Outpatient referrals or elective 
inpatient episodes unequivocally due to unrelated specific 
symptoms/signs (for example, a breast lump or chemother-
apy initiation), were excluded.

The proportion of patients with each individual symptom 
and sign at the onset of the diagnostic process was compared 
between PSP/CBD and PD using the Chi-square test. Using 
the dates associated with specific diagnoses, the average 
diagnostic time intervals (median, interquartile range [IQR]) 
from index symptom to key diagnostic milestones including 
diagnosis of a parkinsonian syndrome, inclusion of a cor-
rect diagnosis of PSP/CBD or PD in differential diagnoses, 
PSP/CBD or PD as the final primary clinical diagnosis, and 
death, were calculated and compared between groups using 
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the Mann–Whitney test. The average number (median, IQR) 
of primary diagnoses, differential diagnoses, and the num-
ber of chronological changes to a patient’s primary diag-
nosis from index symptom to death, and both before and 
after movement disorder specialist input (PINE study team 
review), were compared using the Mann–Whitney test.

The mode of entry to secondary care, including the num-
ber of emergency attendances and elective referrals, subdi-
vided by speciality, was compared between groups using the 
Chi square test. The timing, reason for attendance, outcome 
and duration of admission of the first unscheduled emer-
gency contact in PSP/CBD and age-sex matched PD was 
compared using information from individually extracted 
episodes. For elective outpatient referrals, the documented 
specialty, referrer diagnosis and the primary diagnosis 
after each secondary care healthcare contact was also sum-
marised. Time intervals (median, IQR) from index symp-
tom onset to the first outpatient secondary care referral 
and first movement disorder review were compared using 
Mann–Whitney test.

Results

Of 315 recruited to the PINE cohort with confirmed par-
kinsonism on follow-up, clinically diagnosed causes of par-
kinsonism at baseline included PD (n = 200, 63.6%), DLB 
(n = 37, 11.7%), vascular parkinsonism (n = 33, 10.5%), PSP/
CBD (n = 30, 9.5%), MSA (n = 11, 3.5%) and dementia with 
associated parkinsonism (n = 4, 1.3%).

All incident cases, PSP (n = 28), CBD (n = 2) and PD 
(n = 30), were deceased at the time of data extraction (Feb-
ruary 2017). PSP and CBD were combined due to the small 
numbers of cases with CBD. All clinically diagnosed cases 
with PSP who came to post-mortem had PSP (n = 4, 14.3%) 
while in five (17.9%) PSP cases, the correct diagnosis was 
only identified at post-mortem. The clinical diagnoses of 
nine (30.0%) sampled PD cases that underwent post-mortem 
were also all confirmed pathologically (of 56 clinically diag-
nosed cases in the entire PINE cohort who underwent post-
mortem, PD has been confirmed in 49 [87.5%] of cases). At 
baseline assessment, there were no statistically significant 
differences between PSP/CBD and PD with respect to age, 
sex, ethnicity, marital status, education, socio-economic 
status or medical comorbidities (Table 1). Motor severity 
(UPDRS 3) was higher in the PSP/CBD group while there 
was weak evidence of a significant difference in the total 
cognitive scores (MMSE) between groups.

Both PSP/CBD and PD patients experienced a range of 
index symptoms (Table 2), with most (n = 20, 66.7% in both 
groups) first identified in primary care. The average age at 
index symptom onset was 75.5 years (SD 9.4) in PSP/CBD 
and 74.6 years (SD 13.3) in PD. Only tremor in PD patients 

(60% PD, 3.3% PSP/CBD, p < 0.001), and impaired balance 
(23.3% PD, 56.7% PSP/CBD, p = 0.008) and falls (10.0% 
PD, 43.3% PSP/CBD, p = 0.004) in PSP/CBD patients, were 
significantly different between groups at symptom onset, 
consistent with differences in index signs where, in addi-
tion to the above, rigidity was also more prevalent in PD 
(43.3% PD, 16.7% PSP/CBD, p = 0.024) (Supplementary 
Table 1). The overall difference between patient recalled and 
documented index symptom onset (patient reported minus 
documented symptoms) was 0.00 (IQR − 0.72 to 2.49) years 
in PSP/CBD and − 0.55 (− 1.05 to − 0.01) years in PD (i.e., 
the date of documented index symptom onset in PD was 
earlier than patient recalled index symptom).

All stages of the diagnostic process were significantly 
longer in PSP/CBD compared to PD (Table 3). Overall, indi-
viduals with PD received their final, unchanging diagnosis 
within 1 year (median 0.96 years) from first documented 
symptom, while for those with PSP/CBD it took nearly 2 
years before identification of the parkinsonian syndrome, a 
further one-and-a-half years before PSP/CBD were consid-
ered amongst possible differential diagnoses and approxi-
mately 4 years to a final, unrevised diagnosis. However, the 
time interval between index symptom to death in PSP/CBD 
(5.98 years) was not statistically significantly different to 
that of age-sex matched individuals with PD (6.85 years). 
Time intervals calculated from patient recalled rather than 
documented index symptom (Supplementary Table 2), and 
from index sign (Supplementary Table 3) resulted in slightly 
different time intervals but with similarly strong evidence of 
longer time intervals to diagnosis in PSP/CBD.

Over this period (index symptom onset to death), indi-
viduals with PSP/CBD were given a median of 4.0 discrete 
primary diagnoses (both parkinsonian and non-parkinsonian 
diagnoses) compared with 2.0 primary diagnoses in the PD 
group (p < 0.001) (Table 4). More differential diagnoses 
were also considered in PSP/CBD (6.0) compared to PD 
(3.0), the greater diagnostic uncertainty evidenced in more 
(4.0) ante-mortem chronological changes to the primary 
diagnosis changes in PSP/CBD compared to 2.0 in PD. Prior 
to movement disorder review PSP/CBD patients received 
3.0 primary diagnoses, compared to 1.0 in PD on average, 
but there were no significant differences in the frequency of 
changes to the diagnosis after PINE study entry (i.e., revi-
sions within a specialist movement disorder service).

From index symptom onset, in 33% of individuals with 
PSP/CBD (n = 10, all PSP, mean age 78.2 [SD 8.1], seven 
women), compared to 10.0% with PD (n = 3, all women, 
mean age 79.7 [SD 6.3]) (p = 0.057) their first secondary 
care contact was an unscheduled healthcare episode. Most 
emergency presentations in both PSP and PD occurred at, 
or rapidly after, the date of index symptom onset. In the 
PSP/CBD subgroup the majority of first emergency pres-
entations were due to falls (n = 8), half resulting in injury, 
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and most (n = 8) requiring an inpatient stay (median dura-
tion 16.0 days). While all three PD emergency presentations 
also required admission, their admissions were significantly 
shorter (median 5.0 days, p = 0.57). No unscheduled first 
secondary care contacts resulted in a diagnosis of parkin-
sonism, PSP/CBD or PD specifically. Unlike PD patients 
however, for whom their next secondary care contact was a 
scheduled outpatient review, individuals with PSP/CBD had 
a higher burden of recurrent emergency attendances (10% 

PSP/CBD vs 10% PD with one attendance, 10% PSP/CBD 
vs 0% PD with two to three attendances, and 13.3% PSP/
CBD vs 0% PD with four or more attendances) (p = 0.011). 
Of a total of 27 emergency attendances in the PSP/CBD 
group (Supplementary Table 4), prior to outpatient refer-
ral or inpatient diagnosis, over half were due to falls, many 
resulting in serious fall sequelae. Twenty-four (88.9%) of 
all PSP/CBD emergency attendances were admitted under 
Care of the Elderly (COTE) (7 [29.2%]), orthopaedics (5 

Table 1   Baseline demographic 
and clinical characteristics of 30 
PSP and CBD and 30 age-sex 
matched PD controls

Bold values in column which are statistically significant
CBD corticobasal degeneration; Depcat small postcode measure of socioeconomic status based on pro-
portions of overcrowding, male unemployment, low occupational social class and car ownership; MMSE 
mini-mental state examination; PD Parkinson’s disease; PSP progressive supranuclear palsy; SD standard 
deviation; UPDRS unified Parkinson’s disease rating scale
Data are number (percentage) unless stated otherwise
* Two sample t-test or Chi-square test

PSP/CBD
n = 30

PD
n = 30

p-Value*

Age at index symptom (years), mean (SD) 75.5 (9.4) 74.6 (13.3) 0.770
Age at baseline (years), mean (SD) 77.9 (9.1) 77.5 (8.5) 0.741
Sex, female 15 (50.0) 15 (50.0) 1.000
Ethnicity, white 30 (100) 30 (100) 1.000
Marital status
 Married 16 (53.3) 14 (46.7) 0.606
 Single/widowed/divorced 14 (46.7) 16 (53.3)

Education
 Secondary 22 (73.3) 26 (86.7) 0.255
 Tertiary 6 (20.0) 4 (13.3)
 Missing 2 (6.7) 0 (0.0)

Socio-economic status
 Depcat 1–3 (most affluent) 18 (60.0) 17 (56.7) 0.793
 Depcat 4–7 (least affluent) 12 (40.0) 13 (43.3)

Duration of follow-up from baseline to final visit 
(years), mean (SD)

3.2 (2.6) 4.7 (2.7) 0.030

UPDRS (mean, SD)
 Part 1 2.7 (2.3) 2.1 (1.9) 0.3638
 Part 2 16.5 (6.9) 9.8 (5.2)  < 0.001
 Part 3 36.9 (18.1) 25.9 (10.2) 0.006
 Part 4 0.07 (0.37) 0.07 (0.26) 0.9550

MMSE (mean, SD) 26.3 (3.8) 28.3 (1.1) 0.059
Hoehn & Yahr
 0–2.5 12 (40.0) 22 (73.3) 0.003
 3 4 (13.3) 4 (14.3)
  > 3 14 (46.7) 2 (6.7)

Schwab and England Score
 < 80 19 (63.3) 6 (20.7)  < 0.001
 ≥ 80 11 (36.7) 23 (79.3)

Charlson Comorbidity Index
 0 10 (33.3) 11 (36.7) 0.951
 1 10 (33.3) 10 (33.3)
 > 1 10 (33.3) 9 (30.0)
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[20.8%]), psychiatry (5 [20.8%]), general medicine (4 
[16.7%]), or A&E (3 [12.5%]).

Of those in whom their first contact with secondary care 
after symptom onset was in an outpatient setting (n = 20, 
66.7% PSP/CBD compared to n = 27, 90.0% PD), in approxi-
mately a third in both the PSP/CBD (n = 6) and PD group 
(n = 9), the date the outpatient referral was made was the 
date of their index symptom/sign. Overall, however, the 
median time interval from index symptom to primary care 
referral for elective outpatient review was significantly 
longer in PSP/CBD (0.70 years, IQR 0.11, 2.86) compared 
to PD (0.03 years, IQR 0.00, 0.72) (p = 0.025). In PD nearly 

all (n = 25 of 27, 92.6%) referrals were sent to neurology 
or COTE, whereas in PSP/CBD over a third (n = 7 of 20 
referrals, 35%) of GP referrals were to specialists without 
movement disorder expertise, including orthopaedics (10.0% 
PSP/CBD vs 3.7% PD), ear nose and throat (5% PSP/CBD 
vs 3.7% PD), psychiatry (5% PSP/CBD vs 0% PD), or stroke 
medicine (10.0% PSP/CBD vs 0% PD) (all p > 0.05).

In all 27 PSP/CBD cases in whom an outpatient second-
ary care referral was eventually made, a specific referrer 
diagnosis of PSP/CBD was never proposed. Parkinsonism 
was proposed in 9 (33.3%) referrals, but 8 (29.6%) indi-
viduals were referred without a suspected diagnosis and 9 

Table 2   Comparison of 
index symptom frequency 
(categorised) in PSP/CBD and 
PD

Bold values in column which are statistically significant
PSP progressive supranuclear palsy; CBD corticobasal degeneration; PD Parkinson’s disease; RBD REM 
sleep behaviour disorder
* Chi-squared test
a Participants could have multiple symptoms at onset. Neuropsychiatric symptoms included mood distur-
bance (depression, anxiety) or altered personality/behaviour, cognitive symptoms included symptoms such 
as memory difficulties or slower processing speed)

Index symptomsa PSP/CBD PD p-Value*
n = 30 n = 30

Tremor 1 [1 PSP] (3.3%) 18 (60.0%)  < 0.001
Slowness/gait disturbance 11 [11 PSP] (36.7%) 13 (43.3%) 0.598
Impaired balance 17 [16 PSP, 1 CBD] (56.7%) 7 (23.3%) 0.008
Falls 13 [13 PSP] (43.3%) 3 (10.0%) 0.004
Speech 3 [3 PSP] (10.0%) 2 (6.7%) 0.640
Neuropsychiatric 2 [2 PSP] (6.7%) 1 (3.3%) 0.554
Cognitive 4 [3 PSP, 1 CBD] (13.3%) 2 (6.7%) 0.389
Incoordination 3 [2 PSP, 1 CBD] (10.0%) 0 (0.0%) 0.076
Sensory 1 [1 CBD] (3.3%) 0 (0.0%) 0.313
Stiffness 1 [1 PSP] (3.3%) 3 (10.0%) 0.301
Pain 0 (0.0%) 1 (3.3%) 0.313
Swallowing 2 [2 PSP] (6.7%) 0 (0.0%) 0.150
Fatigue 1 [1 PSP] (3.3%) 1 (3.3%) 1.000
Sleep disturbance, including RBD 0 (0.0%) 1 (3.3%) 0.313
Urinary 1 [1 PSP] (3.3%) 0 (0.0%) 0.313

Table 3   Comparison of time intervals from documented index symptom to diagnosis in PSP/CBD and age-sex matched PD

Bold values in column which are statistically significant
PSP progressive supranuclear palsy; CBD corticobasal degeneration; PD Parkinson’s disease
* Mann–Whitney
a Specific diagnosis means either PSP, CBD or PD

Median (IQR) years from index symptom: PSP/CBD
n = 30

PD
n = 30

p-Value*

To diagnosis of a parkinsonian syndrome 1.88 (1.04, 3.89) 0.14 (0.00, 0.77)  < 0.001
To specifica diagnosis in differential diagnoses 3.41 (1.71, 5.74) 0.18 (0.00, 1.49)  < 0.001
To specific diagnosis as primary clinical diagnosis (initial) 4.03 (2.30, 5.97) 0.37 (0.00, 1.54)  < 0.001
To specific diagnosis as primary clinical diagnosis (unchanging) 4.03 (2.31, 6.19) 0.96 (0.08, 4.28)  < 0.001
To death 5.98 (3.70, 7.71) 6.85 (3.45, 8.98) 0.723
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(33.3%) with non-parkinsonian diagnoses. By contrast, in 
the 30 referred PD cases, PD was proposed by 19 (63.3%) 
referrers, and parkinsonism in 2 (6.7%) cases. While 9 
(30.0%) PD cases were referred without diagnosis, non-
parkinsonian diagnoses were never proposed.

Once individuals reached secondary care (all specialties), 
at the initial outpatient review, parkinsonism was diagnosed 
in 11 (40.7%) in the PSP/CBD group and 20 (66.7%) in 
the PD group. A specific correct diagnosis was made in 3 
(11.1%) initial outpatient reviews in the PSP/CBD group (all 
movement disorder specialist reviews), and 18 (60.0%) PD 
initial outpatient reviews. Unsurprisingly, none of the refer-
rals to specialities other than neurology or COTE resulted in 
a diagnosis of parkinsonism. Indeed, of all healthcare inter-
actions in PSP/CBD in both primary care and secondary 
care (n = 108), prior to movement disorder specialist review 
(Table 5), no primary diagnosis was made in many (31.5%). 
Parkinsonism was identified in 25.9% episodes, but 13.9% 
episodes resulted in cerebrovascular diagnoses, 17.6% neu-
ropsychiatric diagnoses, 5.6% other neurological diagnoses 
and 5.6% a variety of other non-neurological diagnoses or 
non-diagnostic descriptors. In PD, while in a similar number 
of episodes (30.4%) individuals did not receive any diagno-
sis, a higher number of episodes (55.4%) led to a diagnosis 
of parkinsonism.

The median time from index symptom to movement 
disorder review was also significantly longer in PSP/CBD 
(1.96 years [IQR 1.07, 4.30]) compared to PD (0.57 years 

[IQR 0.11, 1.84] (p = 0.002). At their first movement disor-
der specialist review, 16 (53.3%) PSP/CBD patients received 
a specific diagnosis of PSP/CBD, compared to 22 (73.3%) 
PD patients (p = 0.18). Of these PSP/CBD patients diag-
nosed at their first movement disorder review, over a median 
follow-up of 3.2 (SD 2.6) years, the diagnosis remained 
unchanged in 14 (87.5%) (n = 13 PSP, n = 1 CBD) individu-
als. By their final movement disorder review, 23 (76.7%) 
PSP/CBD cases received their diagnosis compared to 100% 
of PD cases (p = 0.010). 7 (23.3%) PSP/CBD cases were 
only diagnosed after death, either by post-mortem (n = 5) or 
full case note review (n = 2). In four cases diagnosed with 
PSP at post-mortem only, their (ultimately incorrect) ini-
tial clinical diagnoses (PD n = 2, VP n = 1 and MSA n = 1) 
remained unchanged over clinical follow-up.

Discussion

Time intervals to key diagnostic milestones were sig-
nificantly longer in PSP/CBD compared to age- and sex-
matched PD at each successive stage of the evolving diag-
nostic process from index symptom onset. In addition to the 
greater delay in identifying parkinsonism (which influences 
treatments and narrows differential diagnoses), it is notable 
that PSP/CBD appears not to be readily considered, even 
once the parkinsonian syndrome has been identified. The 
complexity of the diagnostic journey for individuals with 

Table 4   The average frequency 
and changes to primary and 
differential diagnoses in PSP/
CBD and PD from index 
symptom to death

Bold values in column which are statistically significant
Numbers are median (interquartile range)
PSP progressive supranuclear palsy; CBD corticobasal degeneration; PD Parkinson’s disease
* Mann–Whitney
a Not including healthcare episodes where no diagnosis was made

Median (IQR) PSP/CBD
n = 30

PD
n = 30

p-Value*

Primary diagnoses
 Overall total (not including “none”) 4.0 (2.8, 6.0) 2.0 (1.0, 3.0)  < 0.001
 Total parkinsonian 2.0 (2.0, 3.0) 1.0 (1.0, 2.0) 0.001
 Total non-parkinsonian 1.5 (0.0, 2.3) 0.0 (0.0, 1.0) 0.001
 Total prior movement disorder review 3.0 (2.0, 5.0) 1.0 (1.0, 2.0)  < 0.001

Differential diagnoses (ante-mortem)
 Overall total 6.0 (4.0, 8.3) 3.0 (2.0, 5.0)  < 0.001
 Total parkinsonian 4.0 (3.0, 5.0) 2.0 (1.0, 4.0) 0.001
 Total non-parkinsonian 2.0 (0.0, 3.3) 1.0 (0.0, 1.0) 0.002

Chronological revisions to primary diagnosis (ante-mortem)
 Totala 4.0 (1.8, 6.0) 2.0 (0.0, 3.3) 0.001
 Movement disorder revisions only 0.0 (0.0, 1.3) 0.0 (0.0, 1.0) 0.377
 All speciality revisions after first movement disorder review 1.0 (0.0, 3.3) 0.0 (0.0, 1.0) 0.106
 Episodes no diagnosis (including GP) 1.0 (0.0, 2.0) 0.0 (0.0, 0.8) 0.021
 Episodes no diagnosis (excluding GP) 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 0.054
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PSP/CBD was also greater than for those with PD, with 
more differential diagnoses, primary diagnoses and changes 
to diagnosis overall. Individuals with PSP/CBD had more 
emergency admissions prior to diagnosis and a greater num-
ber of specialties involved in their diagnostic process with 
longer delays to a movement disorder specialist review, in 
particular, which was a key step in making a diagnosis.

Some previous studies in PSP/CBD report similar time 
delays [10, 11], some longer [12], and some shorter [5, 13]. 
None, however, are directly comparable due to differences 
in the precision and method of symptom onset definition, 

for example self-report versus first documentation in the 
medical record, or unclear definitions of symptom onset. 
In PD, the time to diagnosis is often rapid (9–15 months) 
[14–16], consistent with our study findings, though longer 
time intervals are reported [17–19]. Extending comparisons 
to other neurodegenerative diseases, the time intervals from 
symptom onset to diagnosis in PSP/CBD are also longer 
than those reported for MND [20–29], which range from 
9.3 [20] to 16.2 months [29], and are most similar to diag-
nostic intervals reported in dementia, especially frontotem-
poral dementia [30–33]. Fewer studies have evaluated the 

Table 5   Primary diagnoses 
made in PSP/CBD and age-sex 
matched PD cases prior to 
movement disorder review

Bold values in column which are statistically significant
Values are number (percentage)
PD Parkinson’s disease; VP vascular parkinsonism; DLB dementia with Lewy bodies; TIA transient ischae-
mic attack; FTD fronto-temporal dementia; AD Alzheimer’s disease
* Chi-square test
a Fisher’s exact test

Healthcare episode Primary diagnoses
PSP/CBD (n = 108)

Primary diagnoses
PD (n = 56)

p-Value*

Reviewed with no diagnosis 34 (31.5) 17 (30.4) 0.883
Parkinsonism 28 (25.9) 31 (55.4)  < 0.001
 PD 15 (53.6) 23 (74.2)
 Unspecified parkinsonism 7 (25.0) 3 (9.7)
 VP 2 (7.1) 2 (6.5)
 Drug-induced parkinsonism 1 (3.6) 1 (3.2)
 Atypical parkinsonism 1 (3.6) 0 (0.0)
 Vascular pseudo-parkinsonism 1 (3.6) 0 (0.0)
 DLB 0 (0.0) 2 (6.5)
 CBD 1 (3.6) 0 (0.0)

Vascular diagnoses 15 (13.9) 1 (1.8) 0.012a

 TIA/Stroke 11 (73.3) 1 (100.0)
 Vascular disease 4 (26.7) 0 (0.0)

Neuropsychiatric 19 (17.6) 0 (0.0)  < 0.001 a

 Alzheimer’s plus 3 (15.8) 0 (0.0)
 FTD 4 (21.1) 0 (0.0)
 Vascular dementia 2 (10.5) 0 (0.0)
 Dementia unspecified 5 (26.3) 0 (0.0)
 Other 5 (26.3) 0 (0.0)

Other neurological 6 (5.6) 3 (5.4) 1.000 a

 Essential tremor 1 (16.7) 3 (100)
 Space occupying lesion 1 (16.7) 0 (0.0)
 Lumbar spine disease/neuropathy 3 0 (0.0)
 Functional 1 (16.7) 0 (0.0)

Other 6 (5.6) 4 (7.1) 0.736 a

 Falls (cause unspecified) 5 (83.3) 0 (0.0)
 Postural hypotension 1 (16.7) 0 (0.0)
 Osteoarthritis 0 (0.0) 1 (25.0)
 Soft tissue pathology 0 (0.0) 1 (25.0)
 Multifactorial 0 (0.0) 1 (25.0)
 Tremor secondary to valproate 0 (0.0) 1 (25.0)
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frequency of changes to diagnosis in PSP and CBD. Of 4141 
cognitively impaired patients visiting a dementia research 
centre approximately a year apart, 19 PSP patients received 
their diagnosis on both visits, four on their first visit only 
and eight their second visit only. In CBD, 45 received the 
diagnosis on both visits, 14 the first visit only, and 15 the 
second visit only [34].

In general, there has been little research into the deter-
minants of diagnostic delay in PSP/CBD. In one previous 
study, there was a significant correlation between diagnostic 
latency and age of onset, with older patients having shorter 
diagnostic latency overall (r =  − 0.23, p < 0.001). The aver-
age age of our cohort was 78 years and so the time intervals 
reported may therefore be even worse in younger patients. 
In PD proposed determinants include sex (longer for men 
to present to primary care) [16], motor phenotype (longer 
in non-tremor dominant presentations) [16, 35], and greater 
motor and non-motor severity [35], though the association of 
greater disease severity with longer diagnostic delay would 
seem somewhat counterintuitive.

An initial appraisal of presenting symptoms/signs is a 
critical first step to systematically evaluate the greater diag-
nostic uncertainty and delay in PSP/CBD. The high preva-
lence of postural instability at symptom onset in PSP/CBD 
suggests it is underappreciated as a core feature of atypical 
parkinsonism. If realised earlier, this might narrow differ-
ential diagnoses and expedite movement disorder review. 
This is reflected in more recent changes to diagnostic crite-
ria. Although postural instability, for example, is included 
in the UK PD Brain Bank criteria, it is not included in the 
2015 Movement Disorder Society PD criteria as its presence 
in early disease should prompt consideration of alternative 
diagnoses, including PSP. Key identified categorical misdi-
agnoses, particularly vascular or primary psychiatric disor-
ders, could be reduced by targeted history and examination. 
The higher frequency of TIA/stroke diagnoses in PSP/CBD 
(p = 0.012), for example, suggests that focal symptoms or 
signs in PSP/CBD are being identified but misattributed, 
perhaps due to a clinical reasoning process favouring com-
mon diseases. Careful assessment of the speed of symp-
tom onset and symptom progression should broadly dif-
ferentiate vascular and neurodegenerative pathologies. The 
greater number of neuropsychiatric diagnoses in PSP/CBD 
(p < 0.01), suggests training psychiatrists to perform targeted 
motor examinations in those with predominantly cognitive 
or behavioural presentations may reduce misdiagnosis in 
PSP/CBD or trigger movement disorder specialist referral, 
an approach previously suggested to differentiate DLB and 
AD [36]. Clinicians also need to be aware of the tendency to 
over-diagnose PD once parkinsonism is recognised, which 
was the case in over 50% of our PSP/CBD cases, similar to 
the extent of overdiagnosis in other studies [2, 37]. Atypi-
cal parkinsonian disorders were rarely included amongst 

differential diagnoses for identified parkinsonism, suggest-
ing available red flags such as early falls are not being rec-
ognised. The high prevalence of tremor in PD may partially 
explain the shorter time to final diagnosis, being particularly 
amenable to clinician diagnostic pattern recognition. Tremor 
pattern recognition probably also shortens patient appraisal 
delay, removing potential barriers to presentation as patients 
may delay attending their GP with non-specific symptoms 
[38].

The transition from primary to secondary care is another 
key milestone in the diagnostic process. While there are no 
national referral recommendations for PSP/CBD in the UK, 
in PD national guidelines explicitly encourage urgent refer-
ral to movement disorder specialists to expedite diagnosis, 
determine prognosis, prevent distress arising from diag-
nostic delay, and allow early multidisciplinary involvement 
[39–41], a rationale which is clearly also applicable to PSP/
CBD. PSP/CBD patients, however, take approximately 8 
months from index symptom to be referred to secondary 
care, longer than those with PD. As a similar proportion 
(66.7%) of index symptoms in both PSP/CBD and PD are 
identified in primary care, the longer transition from primary 
to secondary care identified in PSP/CBD may, in part, reflect 
a greater reliance on “test of time” diagnostic strategies [42] 
to evaluate non-specific symptoms, as well as a greater dif-
ficulty in attributing non-specific symptoms/signs to PSP/
CBD, or indeed parkinsonism. The differential diagnoses 
formulated to explain such symptoms at this stage are criti-
cal however as this influences the location, as well as timing, 
of subsequent referrals. No PSP/CBD secondary care refer-
ral, for example, queried a specific diagnosis of PSP/CBD, 
likely due to its rarity within primary care, in contrast to 63% 
of PD referrals, while parkinsonism was proposed in only 
a third of PSP/CBD patient referrals compared to 70% in 
the PD group. The greater tendency for GPs in PSP/CBD to 
misattribute identified symptoms to non-parkinsonian condi-
tions is also likely an important determinant of subsequent 
diagnostic delay as this frequently resulted in a breadth of 
referrals to medical and surgical specialities. Our findings 
are in keeping with a study of referral patterns in patho-
logically confirmed cases of PSP and PD from the Queen 
Square Brain Bank [37]. The Step-Back PSP study, while 
primarily evaluating symptoms in the pre-diagnostic period 
(the period at least 1 year prior to diagnosis), also noted 
that PSP patients had more consultations to ENT (p = 0.028) 
and ophthalmology (p = 0.016) compared to age- and sex-
matched PD [12].

For nearly a third of PSP/CBD patients, predominantly 
women, their first secondary care contact after symptom 
onset is not due to a GP referral but an emergency presen-
tation, three times higher than in their age-sex matched PD 
counterparts. Given the high fracture rate in those present-
ing with falls, the reported female preponderance in this 
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group may reflect a higher fracture risk due to lower bone 
mineral density in women. Initial emergency presentations 
in PSP/CBD, unlike PD, also do not reliably trigger subse-
quent outpatient referrals to relevant specialities, resulting 
in a higher frequency of recurrent emergency attendances 
prior to outpatient referral and review. Such emergency 
attendances (predominantly due to falls) result in a high 
rate of hospitalisation (over 90% of all attendances in both 
groups). The longer duration of hospitalisation in those 
with PSP/CBD compared to PD, suggests that the reha-
bilitation of PSP/CBD patients, prior to diagnosis, may 
already be slower than their age-sex matched PD counter-
parts. In addition, unscheduled admissions rarely resulted 
in inpatient diagnoses, a missed diagnostic opportunity. 
While patients with atypical parkinsonism have been 
previously identified as having a higher fracture risk in 
the 2 years preceding diagnosis [43], the current analysis 
suggests that, in addition to falls and fractures, recurrent 
emergency presentations associated with a lengthy reha-
bilitative process, may serve as additional diagnostic red 
flags for PSP/CBD.

PSP/CBD is also difficult to diagnose even once individu-
als have reached secondary care unless there is movement 
disorder expertise. PSP/CBD was diagnosed in only 11.1% 
of initial outpatient reviews in the PSP/CBD group com-
pared to 60.0% diagnosed with PD in the PD group, while 
parkinsonism was diagnosed in 40% of PSP/CBD cases and 
two-thirds of PD cases after an initial outpatient neurology 
or COTE review. Although PSP/CBD patients first reached 
secondary care by approximately 8 months on average, it 
took individuals with PSP/CBD nearly 2 years from symp-
tom onset to receive specialist movement disorder input, 
approximately three times longer than PD patients. This is 
shorter than the time reported in a series of 16 pathologi-
cally confirmed PSP cases where the time to first movement 
disorder clinic visit was 2.9 years [11]. The necessity of 
such input, particularly in PSP/CBD, is evident in that only 
one individual received a diagnosis of PSP/CBD prior to 
movement disorder review, in contrast to 24 (80.0%) PD 
cases who received their diagnosis prior to this input. In PD 
in contrast a previous review has shown that the accuracy 
of diagnosis in PD is not significantly lower in non-experts 
(73.8%) [44]. In addition, in a more recent retrospective sur-
vey of 1775 patients with PD, there was no difference in 
diagnostic certainty between a general neurologist or move-
ment disorder neurologist [45].

Having reached a movement disorder specialist, approxi-
mately 50% of those with PSP/CBD were diagnosed at their 
first movement disorder assessment, reaching approximately 
75% by their final review. Several studies have previously 
highlighted the improved diagnostic accuracy at final com-
pared to initial review [2, 5, 37]. Whilst movement disorder 
specialists may be particularly adept at pattern recognition 

and have a greater familiarity with atypical features or rarer 
phenotypes [46], 25% of PSP/CBD did not receive their 
diagnosis in life, serving to highlight the persistent difficul-
ties in diagnosis, even after movement disorder specialist 
input.

Unexpectedly, a novel finding was that there was little 
difference in the overall survival from carefully documented 
symptom onset to death in those with PSP/CBD and their 
age- and sex- matched PD counterparts. In PD, older age and 
male sex have been identified as independent worse prog-
nostic factors. Due to 1:1 sex-matching in PD to match the 
PSP/CBS sex ratio, survival in PD in our sample has likely 
been extended as relatively more women were included in 
the PD group. However, conversely, in that the median age 
in PSP (79.9 years) was also older than the entire incident 
PD population in PINE (73.8 years), age matching may have 
decreased survival in our matched PD population. At the 
time of the study, the NINDS-PSP criteria were used for 
diagnosis which did not permit the diagnosis of non-Rich-
ardson’s syndrome subtypes of PSP. Given the PINE study 
was an incident cohort of parkinsonism, cortical PSP sub-
types (which may have greater diagnostic delay and a poorer 
prognosis) are likely under-represented potentially extend-
ing survival in our PSP cohort. However, the proportion of 
cognitive subtypes are relatively small [47, 48] and unless 
cases had a purely cognitive presentation (therefore likely 
excluding the corticobasal presentations included within the 
cognitive subtype), they are likely to have been identified 
within the PINE study. Finally, unlike the lead-time bias 
seen in association with screening programmes, whereby 
an earlier diagnosis due to screening makes it appear as if 
individuals are surviving longer, the contribution of diagnos-
tic delay should also be considered. Ultimately our findings 
relating to survival from index symptom require replication 
in a bigger incidence cohort (requiring multi-centre involve-
ment), with access to primary care records to identify index 
symptoms.

A particular strength of this study is the inclusion of 
the entire recruited PSP/CBD population of a community 
based, prospective incident study of parkinsonism in the 
UK, meaning PSP/CBD cases are likely to be representa-
tive of the motor predominant PSP/CBD population. Addi-
tional strengths include the detailed systematic review of 
initial symptoms and signs from primary and secondary care 
records, the availability of detailed longitudinal data from 
research and clinical records, and the comparative analysis 
in PSP/CBD and PD matching on variables identified as 
possible determinants of diagnostic delay.

The study is not without limitations. PSP and CBD are 
distinct diseases with differentiating clinical features but 
were considered together for analysis due to small num-
bers (but akin to many studies in PSP/CBD due to their 
rarity). There is significant overlap between PSP and CBD 
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clinically, but nonetheless with two CBD cases, our results 
mostly apply to those with PSP. The PINE study is an inci-
dence study of parkinsonism so, while representative of the 
motor predominant PSP/CBD population, may under-repre-
sent those with a predominantly cognitive initial presenta-
tion. Primary and secondary care referrals of patients to a 
neurologist with a specialist interest in movement disorders 
were also actively sought as part of the PINE study, which 
may have reduced the time to movement disorder specialist 
and increased diagnostic accuracy compared to real-world 
practice in the UK. Unless explicitly documented, it is 
impossible to determine how frequently differential diagno-
ses or changes to primary diagnosis were communicated to 
patients, and the extent to which this impacted their percep-
tion and experience of their diagnostic journey. Pathologi-
cal verification of all clinical diagnoses was not achieved 
(although our 30% post-mortem confirmation is good for 
a clinical study). This is never possible outside brain bank 
studies which, as detailed previously, are highly selected 
and susceptible to bias. During life clinicians rely on clinical 
diagnosis to guide management, and so even without path-
ological confirmation of all cases, studies on best clinical 
diagnosis are important. In addition, final clinical diagnos-
tic accuracy in our study is also likely to be high due to, at 
minimum, annual reviews from diagnosis to death and a full 
case note review after death. While, without post-mortem 
data in all cases, we may have missed some with atypical 
PSP, the effect of this potential bias would tend to make 
“true” delays in all cases of PSP/CBD even longer without 
better diagnostic tests. The PINE study also preceded the 
updated MDS diagnostic criteria for PSP [49]. While this is 
unlikely to have altered diagnosis in most cases and there is 
some evidence that clinical expert diagnosis is better than 
rigid research criteria [50], it has prevented subtyping of 
PSP cases in our cohort which may have masked potential 
differences in diagnostic delay and survival between sub-
types. Implementation of relatively complex diagnostic cri-
teria however takes time and so our study will likely reflect 
the day-to-day clinical diagnostic process and experience of 
PSP/CBD patients in the UK.

In conclusion, individuals with PSP/CBD had a longer 
and more complex diagnostic pathway than individuals with 
age-sex matched PD. There are several ways this could be 
improved including greater recognition that balance issues 
may be parkinsonian, raised awareness of red flags for PSP 
including emergency admissions preceding diagnosis for 
unexplained falls/fractures and earlier access to movement 
disorder specialists. We found little difference in overall sur-
vival from symptom onset to death in PSP/CBD and age-sex 
matched PD. If replicated, this has important implications 
for our understanding of prognosis in PSP/CBD.
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